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PRESIDENTS    ADDRESS. 


ADDRESS 


BY 


Sir    Charles    Metcalfe,    Bart., 


President. 


I  have  to  thank  you  for  the  honour  done  me  by  electing 
me  as  your  President,  an  honour  which  I  feel  all  the  more 
deeply  because  I  am  painfully  aware  of  how  little  I  have  been 
able  to  do  personally  by  scientific  record  or  research.  I  can  at 
least  assure  the  members  of  our  Association,  whom  we  welcome 
here  to-night,  that  I  shall  always  do  what  I  can  for  the  purpose 
of  this  Association  for  the  Advancement  of  Science. 

Our  past  President,  Sir  David  Gill,  in  his  inauguratory 
address  at  Cape  Town  last  year  on  the  occasion  of  the  first 
annual  meeting  of  this  Association,  dealt  with  it  and  its  history 
since  its  inception. 

The  number  of  ordinary  members  then  on  the  roll  was  702, 
and  the  number  of  associates  32 ;  the  number  of  ordinary  mem- 
bers to-day  is  913,  and  that  of  associates  124. 

A  copy  of  the  report  of  our  last  year's  meeting  has,  I  trust, 
reached  every  one  of  our  members.  We  have  to  express  our 
regret  that  it  has  come  to  hand  so  late,  but  the  work  involved 
in  its  compilation  was  arduous  in  the  extreme,  and  our  thanks 
are  due  to  the  Rev.  Mr.  Flint,  who  has  spent  a  long  period  of 
valuable  time  on  the  work.  We  have  to  express  the  thanks  of 
the  Association  to  the  Government  of  the  Cape  Colony,  who 
generously  undertook  the  cost  of  the  whole  printing  the  reports 
and  papers  of  last  year's  meeting,  and  I  think  you  will  agree 
with  me  that  the  production  is  a  handsome  as  well  as  a  valu- 
able one. 

The  fifty-six  papers  to  be  read  before  this  meeting  of  our 
Association,  their  subjects  and  the  names  of  their  authors,  make 
it  certain  that  the  second  volume  of  our  proceedings  will  be  at 
least  of  equal  interest  to  the  first,  and  will  prove  a  very  valu- 
able addition  to  any  library. 

We  very  heartily  thank  His  Excellency  Lord  Milner  for 
the  valuable  and  consistent  assistance  he  has  given  to  this 
Association,  and  we  congratulate  ourselves  on  the  kindly  in- 
terest he  has  always  taken  in  our  proceedings. 

Our  thanks  are  also  due  to  His  Excellency  Sir  Arthur 
Lawley  for  kindly  inviting  the  members  of  this  Association  to 
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a  Garden  Party  at  Government  Ilouse,  Pretoria,  on  Thursday 
next. 

The  official  Souvenir  Programme  shows  not  only  that  a 
busy  week  is  before  you  with  a  very  full  and  promising  list  ot 
papers,  many  of  wtich  deal  with  questions  of  vital  importance 
to  this  community,  but  also  that  another  purpose  of  this 
Association,  namely,  the  promotion  of  social  intercourse  of  all 
those  interested  in  science,  has  been  amply  provided  for.  For 
their  kind  help  and  hospitality,  now  proferred  to  us,  we  beg  to 
thank  the  Mayor  and  Town  Council  of  Johannesburg,  the  Trans- 
vaal Chamber  of  Mines,  Sir  George  and  Lady  Farrar,  Mr.  and 
Mrs.  Keunert,  the  members  of  the  Stock  Exchange,  the 
Chamber  of  ('ommerce,  the  Chamber  of  Trade,  the  Pretoria 
Committee,  tlie  managements  respectively  of  the  Kobinson, 
the  Robinson  Deep,  the  Ferreira  and  Ferreira  Deep,  and  the 
Premier  Mine,  the  South  African  Explosives  Company,  and  the 
local  scientific  societies. 

The  arrangements  for  such  a  meeting  as  this  involved  a 

freat  deal  of  arduous  work,  and  we  tender  our  best  thanks  to 
[r.  Reunert,  to  whom  the  starting  of  this  Association  was 
mainly  due,  for  the  unremitting  labour,  the  time,  and  the 
thought  that  he  has  devoted  to  it,  and  also  to  his  able  coadju- 
tors. 

Next  year  we  hope,  in  July,  1905,  to  welcome  the  visit  of 
the  British  Association  to  this  country,  a  visit  that  the  mem- 
bers of  that  Association,  I  am  assured,  look  forward  to  M'itli 
pleasure,  and  that  we  all  anticipate  will  be  productive  of  great 
good.  The  many  complicated  problems  of  this  young  country,, 
of  a  nation  in  the  course  of  making,  cannot  fail  to  interest  men 
whose  life  is  spent  in  investigation  and  research,  whilst  personal 
intercourse  with  great  intellects  must  exercise  a  stimulating 
influence  on  ourselves.  It  is  a  liberal  education  in  itself  to 
know,  for  instance,  a  man  like  Lord  Kelvin,  who,  in  spite  of 
the  fact  that  he  will  be  eighty-one  years  of  age  next  year, 
hopes  then  to  visit  us.  All  his  life  has  been  devoted  to  the 
advancement  of  the  intellectual  and  material  progress  of 
humanity.  He  is  equally  well  known  and  honoured  for  his 
contributions  to  applied  science  as  to  purely  scientific  research. 
Steam  and  heat  engines,  electricity,  marine  telegraphy,  and 
ocean  navigation  have  all  benefited  to  a  very  large  extent  by 
the  inventions  and  researches  which  have  occupied  his  long  and 
useful  life.  His  influence  on  his  students  and  others  engaged 
in  scientific  work  has  been  all  for  good,  a  wonderful  record  of 
a  great  man's  life  work,  and  yet  the  traits  of  his  character 
which  most  impress  anyone  who  has  the  privilege  of  knowing 
him  are  his  kindliness,  his  love  of  truth,  and  his  humility — nn 
object  lesson  to  all  those  who  tread  the  path  of  science. 

During  the  past  year  progress  has  been  made  with  the 
magnetic  survey  of  South  Africa.  Dr.  Beattie  has  kindly  fur- 
nished me  with  the  following  data  concerning  it.     The  work 
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at  each  station  consisted  in  determining  the  latitude  and  the 
longitude  of  the  place  of  observation,  the  magnetic  declination, 
the  horizontal  intensity,  and  the  dip.  These  observations  have 
been  made  at  362  stations,  distributed  as  follows :  — 

Cape  Colony     160 

Transvaal  90 

Orange  River  Colony     47 

1^  ainl  •••        ...        ...        ...        ...  Of 

Rhodesia 28 

The  following  observers  have  taken  part  in  the  work :  — 

stations  observed. 

Professor   Beattie    359 

Professor  Morrison          100 

Mr.    Lowinger         48 

Mr.  Hough       12 

The  data  obtained  are  at  present  being  reduced;  the  first 
reduction  is  about  two-thirds  finished,  and  it  is  hoped  it  will 
be  completed  about  the  end  of  May.  The  second  reduction  will 
probably  require  about  six  months. 

The  total  money  grant  for  the  purpose  of  the  Survey, 
£2,465  10s.,  was  constituted  as  follows:  — 

Cape   Colony     £788 

Transvaal  577 

Orange  River   Colony     250 

x^  aiai  ...      ...      ...      ...      ...      ...         /wUU 

Rhodesia  200 

Royal  Society,  London  300 

Professors  Beattie  and  Morrison  ...         150 
The  geological  survey  of  the  Cape  Colony  has  made  steadj- 
progress  during  the  past  year.     Two  special  points  of  interest 
were :  — 

1.  The  examination  of  a  peculiar    group    of    volcanic 

necks  in  Sutherland;  agglomerates  with  several 
features  in  common  with  the  Kimberley  breccias 
were  found  associated  with  melilite  basalt,  a 
type  of  rock  that  had  only  been  found  in  South 
Africa  previously  in  a  neck  in  Uitenhage  beds. 

2.  The  discovery  of  a  glaciated  boulder  pavement  in 

the  Dwyka  Conglomerate  of  Ceres,  with  a  surface 
in  this  conglomerate  over  which    a    sheet    of  ice 
travelled — the  first  case  of  a  boulder  pavement  in 
rocks  older  than  the  Pleistocene  glacial  deposits 
of  Europe  and  America. 
The  Marine  investigations   carried   out   by   the    Cape   Govern- 
ment during  1903  have  brought  to  light  many  new  and  in- 
teresting specimens  of  marine  life. 

The  past  year  has  been  notable,  from  a  scientific  point  of 
view,  for  the  discoveries  due  to  the  research  on  Radium,  carried 
out  bj-  many  of  the  greatest  scientists  of  the  day,  especially  by 
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Pn»fe^>r  Kutherfonl,  Sir  William  Kamsay.  Mr.  Soddy,  Pro- 
fessor BeequereK  Sir  William  Crookes,  Professor  Dewar,  and 
last^  but  not  least,  by  M.  and  Mme.  Curie,  to  whom  the  "  Sir 
Humphi-ey  Davy  "  meilal  of  the  Royal  Society  was  awarded  for 
their  impiutant  contributions  to  the  knowle<)g]e  of  its  extra- 
onlinary  properties.  Some  idea  of  the  laborious  and  patient 
invest  illations  which  M.  and  Mme.  Curie  have  carrietl  out  may 
be  iBrathereil  itoux  the  fact  that  after  two  years  of  continuous 
work  they  have  succeciletl  in  obtaining  about  one  gramme  of 
Radium  chloride  after  treating  some  eight  tons  of  uranium 
residues.  This  gives  us  a  giKnl  illustration  of  a  great 
saying  that  *'  science  is  slow/'  Professor  Rutherfonl  has  in- 
vestigates! the  gaseous  radiations  emitted  by  radium,  which  he 
has  caller!  the  alpha,  beta,  and  gamma  rays.  Profess4>r 
lieciiuerel  has  determined  the  mass  and  the  velocity  of  the  beta 
rays,  which  he  found  to  be  negatively  charged  particles.  Sir 
William  i*rvH>fces,  by  means  of  an  ingenious  instrument  calleil 
the  SpiutharisiH>pe,  which  he  has  inventeiK  has  been  able  to 
observ%^  the  si^intillations  proilui^ed  by  the  impact  of  alpha  ray 
particles*  and  Professor  Dewar  has  found  that  radium  at  the 
temperature  of  liquid  hydn.>gen,  that  is  to  say  at  a  temperature 
only  a  few  degrees  above  what  is  calleil  absolute  zen.^,  is  just  as 
active  as  at  ordinary  temperatures. 

The  physiological  action  of  radium  rays  is  now  being 
investigated,  and  research  is  being  made  as  to  its  possible 
application  in  cases  of  cancer  and  other  dangerous  growths. 

Good  progress.  I  am  glatl  to  say,  has  been  made  in  the 
standardisation  of  all  classes  of  engineering  work,  with  a  view 
to  economy  of  manufacture,  which  is  so  essential  in  these  davs 
of  acute  competition. 

The  enterprising  firms  of  Messrs.  Siemens  and  Halske  anil 
the  Allgemeine  Eleirtricitats  i.TeseIls*.*haft  may  be  »ougrarTLlated 
oa  the  re</onls  that  have  been  made  in  high  speed  electric  trac- 
tion on  the  Marienfelde-Zossen  line  in  Germany,  where  a  maxi- 
mum speed  of  1-M)  miles  an.  hour  was  attaine^l  with  sate t v. 
During  the  past  year  new  and  more  satisfactory  single-phase 
series  wound  commatator  motors  have  been  brought  out  in 
Europe  and  America,  which  will  pnjbably  have  a  most  im- 
portant iniluen«?e  on  the  electrification  of  railways. 

Electric  furnace*  have  been  employed  for  •jijme  year*^  f»ir 
the  formation  of  calcium  carbide  and  carbortindum :  «tunug 
the  last  two  year*  their  use  ha*  been  extended  to  the  making  of 
tool  steel,  and  more  recently  even  to  the  making  of  oniinary 
steeU  where  water  power  is  very  cheap  and  coke  is  expensive, 
ais  at  Livet,  in  France,  where  Mr.  Keller  is  at  work.  This. 
though  at  present  in  a  more  or  les»  experimental  stage,  has 
excited  a  considerable  amount  of  attention,  and  I  am  inf«>rmeii 
by  one  of  the  partners.  Mr.  Lelu^  that  a  deputation  frtini 
Canada  was  going  to  visit  the  works  this  month. 

In  Metallography  progress  has  continued  to  be  made  in 
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titir  knowk-d^e  of  tlie  internal  slructui-e  of  metals  by  tbe  aitl 
of  microBon[tjca1  it'Search.  TIip  oM  meth(Kls  of  aitalysiB  and  of 
mecIiamVal  tests  ffave  us  inilci'd  nmgh  ideas  f>f  llieir  limit  of 
clnstirity  and  nf  tlieir  ullimale  Inealdiiff  Blieiif^tb.  but  tbey  told 
U9  notliinff  of  tlie  i-lianntes  in  their  si itirtiire  tliat  are  caused 
by  the  treatment  muK'rgdne  by  tbe  metal  frcim  pressure,  undue 
strain,  or  different  ttimporatures.  Hy  tbe  microscopical 
examination  of  polished  sections  we  are  now  finding  out  how 
the  internal  structure  of  metals  and  their  alloys  is  arranged 
and  re-arranged  by  variation  in  their  treatment. 

The  work  of  geographical  exploration  has  been  continued 
in  the  iVntarclic  and  Arctic  Kegions— in  the  former  especially 
Honie  priigress  hat)  been  made.  Many  wnrvey  expeditions  have 
l>een  al  work  during  the  past  year  in  the  interior  of  this  great 
continent.  Major  Powoll  Cotton  has  esploi-ed  the  almost  nn- 
knowii  region  between  Lakes  liudolph  and  Alliert.  Mr. 
Chevalier  has  discovei-ed  where  the  basins  of  the  Nile,  the 
(.'oDgo,  and  the  Shari  liivers  meet,  near  the  boundary  of  Dar- 
fur,  whilst  in  Northern  Khodesia  our  knowledge  and  our  maps 
have  been  amplilied. 

During  the  last  year  the  study  of  tropical  diseases  has 
lieen  conlinued  wilh  vigour.  In  I  ganda  the  Commissioners, 
l)r.  CasKdlani.  Colonel  IJruce.  and  Dr.  Nubarro,  who  were 
appointed  to  investigate  the  disease  known  as  the  Sleeping 
Sickness,  have  discovered,  by  a  careful  examination  of  every 
case  that  came  umler  their  notice,  that  it  is  due  to  a  parasite, 
'■  Trypanosoma  "  in  the  cerebro-spinal  fluid,  and  that  the  agent 
"f    infection    is   a    species    of    tsetse  fly,  named  the  Gluxfimi 

In  Ithndesia,  Dr.  Koch  has  been  spending  the  whole  year 
in  laborious  and  patient  investigation  of  the  African  Coast 
Fever  among  cattle,  and  he  has  now  reported  that  he  has  foiimi 
that  it  is  caused  by  a  bloorl  parasite  which  can  he  readily  iden- 
tified by  a  demonstration  of  the  specitio  organism,  that  it  is 
different  from  Texas  Fever,  or  so-calle.l  Hed  Water,  that  it  is 
not  transferable  directly,  thai  sick  animals  can  be  stabled  with 
healthy  ones  without  communicating  the  disease,  and  that  the 
disease  can  only  be  spread  by  ticks.  Further,  that  the  blood 
of  animals  that  have  recovered  and  beeonie  immune  is  not  free 
from  parasites,  and  thai  the  disease  therefore  can  be  produced 
in  healtliy  animals  by  the  transfer  of  parasites  from  salted 
animals  by  means  of  ticks,  and  that  though  fencing,  dipping, 
uod  spraying  are  benefieial,  yet  as  they  have  only  a  temporary 
value,  he  recommends  that  these  precautions  should  be  supple- 
mented by  inoculation  with  the  blood  of  animals  that  have 
rfonvered  whenever  disease  breaks  out  in  the  vicinity. 

The  Geodetic  Survey  of  Africa,  whose  inception  and  con- 
tinuation owe  so  much  to  our  past  President,  Sir  David  Gill. 
is  being  proceeded  with  both  here  and  iu  Nnrthem  Rhodesia 
Ijeyond  the  Zambesi.     It  is  intended,  as  you  are  aware,  to  ex- 
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tend  it  northwards,  more  or  less,  probably  along  the  route  of 
the  Cape  to  Cairo  Railway,  that  projected  line  which  to  many 
appears,  perhaps,  to  belong  to  the  things  of  dreamland.  You, 
however,  who  know  South  Africa  well,  will  agree  with  me  that 
in  this  country  it  has  generally  been  found  that  the  sanguine 
man  has  ever  been  the  truest  prophet.  When  this  Geodetic 
Survey  has  been  connected  up  with  that  of  Europe,  which  has 
now  been  extended  as  far  north  as  Spitzbergen,  we  shall  have 
an  arc  from  that  point  to  Cape  Town — the  longest  arc  that  is 
possible  to  us  on  this  globe. 

All  civilised  nations  have  found  the  advantage  of  having 
proper  and  accurate  maps,  and  it  is  hoped  that  a  useful  work 
may  now  be  undertaken  in  South  Africa  by  a  system  of  second- 
ary triangulation.  This  work  will  necessarily  take  many 
years  to  complete;  every  year,  however,  the  recorded 
results  will  be  of  value,  as  they  will  enable  correct  maps  to  be 
compiled,  showing  the  topography  and  main  features  of  the 
country,  and  the  situation  of  the  larger  farms,  of  the  most 
important  and  more  populated  districts  in  the  first  place,  and 
then  of  the  more  remote  parts  of  the  country. 

Professor  Haddon,  the  late  President  of  the  Anthropo- 
logical Institute,  has  expressed  himself  strongly  on  the  urgency 
of  anthropological  research.  **  In  view,''  he  says,  **  of  the 
decrease  of  the  native  races  by  the  advance  of  civilisation  and 
the  changes  in  the  habits  of  the  survivors,  no  time  is  to  be  lost 
in  the  acquisition  of  scientific  knowledge  by  direct  observa- 
tions. 

There  is  wide  scope  and  much  opportunity  in  South  Africa 
for  such  research,  though  I  think  you  will  agree  the  argu- 
ment about  their  decrease  and  the  use  of  the  word  *^  survivors  " 
read  strangely  to  us,  who  see  the  native  races  not  decreasing 
but  happily  increasing  in  numbers,  as  well  as  in  material 
prosperity,  a  fact  that  might,  one  would  think,  be  borne  in 
mind  by  many  whose  intentions  are  good,  but  who  are  swayed 
by  emotion  rather  than  by  the  cold  logic  of  scientific  accuracy. 

For  research  into  the  causes  and  preventives  of  disease 
both  in  human  beings  and  in  animals,  there  is,  as  we  all  have 
good  reason  to  know,  a  great  field  in  South  Africa.  The 
various  Governments  here  have  shown  commendable  vigour  in 
dealing  with  those  terrible  scourges.  Rinderpest,  Plague,  and 
Red  Water,  and  have  acted  in  a  spirit  of  the  truest  economy 
by  securing  the  services  of  the  most  able  scientists  of  the  day 
for  their  investigaticms.  When  England  was  ravaged  by 
Rinderpest,  no  remedy  was  discovered  :  the  animals  affected 
were  simply  destroyed,  at  a  cost  of  some  nine  millions  of  money. 
It  was  left  for  South  Africa,  at  a  later  date,  when  knowledge 
was  more  advanced,  by  the  admirable  work  of  the  scientilic 
investigators  engaged  on  that  task,  to  be  the  first  to  discover 
a  preventive  for  that  disease,  a  fact  of  which  this  country  mty 
well  be  proud. 
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I  have  mentioned  Dr.  Koch's  great  work  in  the  investiga- 
tion of  cattle  fever  in  Rhodesia.  He  has  also  at  the  same  time 
undertaken  researches  into  some  other  of  the  diseases  affecting 
animals  in  South  Africa,  amongst  them  that  most  familiar  but 
terrible  disease  which  we  call  horse  sickness,  a  disease  by  which 
Uiis  country  loses  not  only  many  thousands  of  pounds  annually 
by  the  deaths  of  valuable  animals,  but  also  the  large  amount 
that  might  otherwise  be  realised  by  the  breeding  of  horses  and 
mules.  I  understand  that  Dr.  Koch  is  sanguine  as  to  the  result 
of  his  researches.  Time  alone  will  show  whether  his  efforts  or 
those  of  Dv.  ICdington  and  other  labourers  in  this  field  have 
given  us  the  much-to-be-wished-for  certainty  of  rendering 
horses  and  mules  immune  from  this  disease. 

Work  is  being  carried  on  in  the  investigation  of  the  other 
manifold  sicknesses  to  which  animals  are  liable  in  South  Africa, 
but  **  science  is  slow,"  and  much  more  time  and  patient  re- 
search is  necessary  before  we  can  arrive  at  what  we  look  for- 
ward to,  a  period  when  we  shall  no  longer  be  helpless  and  at 
the  mercy  of  these  devastating  pests. 

As  to  diseases  affecting  the  human  race,  we  have  to  con- 
gratulate ourselves  that  the  interest  of  the  community  has  been 
at  last  awakened,  and  though  the  necessary  researcli  may  be, 
probably  will  be,  costly,  yet  there  is  a  strong  and  growing  feel- 
ing that  the  money  mvst  be  forthcoming,  and  that  no  further 
time  shall  be  lost  before  commencing  the  most  thorough  in- 
vestigations into  the  causes  of  and  ascertaining  the  prevention 
and  possible  remedies  of  cancer  and  other  diseases  which  have 
till  now  baffled  the  efforts  of  medicine.  We  must  all  admire 
the  truly  wonderful  work  done  by  the  skilful  surgecm,  but  we 
\v'ould  all  rather,  if  there  are  other  means  of  help,  do  without 
the  knife.  South  Africa  may  be  proud  of  the  fact  that  some 
of  the  largest  contributions  to  assist  in  carrying  out  these  re- 
searches have  been  made  by  men  who  have  spent  the  best  years 
of  their  life  in  this  country. 

Interesting  communications  were  made  during  the  past 
vear  to  the  Royal  Society  by  Professor  Farmer,  Mr.  Moore,  and 
Mr.  Walker  with  regard  to  the  method  of  growth  of  cancer 
cells,  and  also  by  Professor  Macfayden  concerning  the  cell 
juices  of  the  typhoid  bacillus. 

Amongst  other  subjects  worthy  of  immediate  research 
should  be  included  the  disease  of  scurvy,  which  affects  chiefly 
the  Kaffir  races,  if  it  can  be  shown,  as  some  medical  men  l>e- 
lieve,  that  it  is  on  the  increase. 

There  is  an  extraordinary  lethargy  in  the  human  mind  as 
to  diseases  which  affect  mankind,  and  there  is  a  great  lack  of 
individual  effort  to  assist  in  their  prevention.  Once  the  cause 
of  a  disease  is  ascertained,  and  especially  in  the  case  of  a  more 
or  less  deadly  disease,  one  would  suppose  that  the  whole  com- 
munity would  combine  to  remove  the  cause,  or  to  take  measures 
to  render  it  at  least  less  frequent.     This  is,  however,  very  far 
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from  being  the  case.  B^seareh  with  regard  to  malarial  fever, 
for  instance,  lias  proved  that  it  is  transmitted  to  the  human 
being  by  the  female  mosquito  of  the  Anopheles  genus.  We 
know  her  by  sight,  we  realise  the  harm  she  is  capable  of,  and 
yet  how  little  do  we  do  to  rid  the  world  of  this  wicked  lady. 
We  know  the  four  stages  of  the  life  of  mosquitoes,  we  know 
that  they  are  easily  destroyed  in  the  larval  and  pupal  stages 
when  they  are  lying  just  beneath  the  surface  breathing  through 
a  little  upright  funnel  perfectly  visible  in  the  still  water  they 
frequent,  and  yet  how  little  effort  is  made  by  individuals  in 
this  country  to  exterminate  them  or  lessen  their  numbers.  If 
everyone  made  a  point  of  destroying  the  larvae  of  mosquitoes 
close  round  his  house,  perhaps  in  his  back  yard,  as  well  as  the 
mosquitoes  inside  his  dwelling,  it  would  help  in  great  measure 
to  prevent  disease.  If  the  public  were  thoroughly  convinced 
of  this,  we  might  expect  more  activity  in  this  respect. 

The  great  characteristic  of  the  American  people  is  their 
common  sense.  Realising  the  danger  to  public  health  from 
the  once  prevalent  habit  of  expectoration,  they  have  taken 
measures  to  stop  it  entirely  in  all  their  great  cities,  which  are 
now  cleaner  in  this  respect  than  the  metropolis  of  Great 
Britain.  If  you  travel  in  the  street  cars  of  New  York  or  Boston 
you  will  see  posted  up  a  notice  to  the  following  effect :  — 
"  Spitting  is  a  misdemeanour ;  anyone  found  guilty  of  this 
offence  is  liable  to  a  fine  of  one  hundred  dollars,  or  imprison- 
ment, or  both.''  That  may  seem  drastic  to  us,  but,  supported 
by  the  weight  of  public  opinion,  it  has  proved  absolutely  effec- 
tive, and  has  undoubtedly  tended  greatly  to  the  benefit  of  the 
general  health  of  the  community. 

Since  Pasteur  proved  that  fermentation  did  not  take  place 
in  the  absence  of  living  organisms,  scientific  investigation 
has  established  with  ever-increasing  certainty  the  germ  theory, 
both  as  regards  health  and  disease.  Research  has  proved  that 
what  may  be  termed  healthy  ferment  is  at  the  root  of  plant 
and  animal  life,  and  that  on  the  other  hand  the  majority  of 
human  diseases  are  due  to  the  presence  of  very  minute  living 
organisms.  These  scientific  investigations  have  only  been 
rendered  possible  within  the  lifetime  of  most  of  those  present 
here  to-day  by  the  greatly  increased  accuracy  and  precision  of 
the  instruments  devised  by  science,  in  the  cause  of  science. 
Before  we  had  these  ingenious  instruments  wherewith  to  mea- 
sure, to  feel,  to  hear,  and  to  see  what  is  beyond  the  paltry 
scope  of  our  poor  human  senses,  the  human  intellect  was  grop- 
ing in  the  dark.  As  yet  we  are  only  on  the  fringe  of  know- 
ledge; what  we  know  represents  oiily  an  infinitesimal  portion 
of  what  we  may  come  to  know,  of  what  we  anticipate  we  shall 
know.  The  want  of  accuracy  has  been  the  stumbling  block  of 
science.  "  The  science  of  the  Middle  Ages,"  says  Pater,  **  was 
all  divination,  clairvoyance,  unsubjected  to  our  modern  exact 
formulas,   seeking,   in   an   instant  of  vision,   to  concentrate   a 
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tliiiusaiul  L'speriences,"  Even  those  few  who  liad  the  true 
scieiitifii;  mind  were  stopped  by  the  rudeneas  and  inaccuracy  of 
llipir  inslnimenls.  The  great  astroimniical  obsyrver,  Hippar- 
cUiis.  had  t(j  mnlio  Lis  nbservatiouB  by  the  itnaided  eye;  he 
meaauied  time  by  sand  or  water  glasses.  The  great  Arab 
iistruniimera  a  fliottsaud  years  ago  had  inBtrunienta,  whicli  thpy 
eould  read  to  single  minutes  only;  a  hundred  and  fifty  years 
ago  there  were  instrnmenis  thai  conld  be  ivad  tmly  In  seconda. 
Portable  walflies  were  invented  less  tlinii  four  hundred  years 
ago,  and  they  an-  said  to  have-  varied  several  minutes  a  day. 
We  are  able  now  to  realise  thai,  as  Tyndall  said,  "  The  domain 
of  the  senses  in  nature  is  almost  infinitely  small  in  ('ompanson 
to  the  vast  region  act-essibk'  to  thought  which  lies  beyond 
them."'  It  is  the  poverty,  the  inaccuracy  of  our  senses,  that 
has  so  retarded  knowleilge.  Put.  for  instance,  weights  in  each 
of  your  hands,  you  will  find  that  they  must  vary  considerably 
before  you  are  t-onscions  of  the  ditt'erence;  compare  this  with 
the  delicacy  of  the  niodciu  scales  tn  be  found  m  every  assay 
office  in  this  town. 

We  talk  of  feeling  the  extremes  of  heat  and  cold;  can  the 
inaccuracy  of  language  go  further?  It  is  estimated  that  abso- 
lute cold  is  at  atmut  27!)  deg.  C.  below  zero,  that  the  heat  of  the 
electric  arc  is  probably  3,500  deg.  C.  abfive  it,  and  that  the 
heat  of  the  sun  may  approximately  be  6,000  deg.  C  whilst 
many  of  the  stars  may  be  very  much  hotter  than  the  sun. 
What  a  small  proportion  of  this  range  of  temperature  can  be 
appreciated  by  the  human  body.  Can  we  tell  without  looking 
a*  a  thermometer  whether  the  temperature  is  at  20  deg.  or  at 
21  deg.  ('.?  Compare  this  with  what  science  enables  us  to  do 
now.  Professor  Langley,  Secretary  of  the  Rmitbsouian  Insti- 
tation  at  Washington,  has  invented  in  the  Bolometer  an  instru- 
ment of  snnli  delicacy  that  it  will  actually  register  to  one- 
millionth  of  a  degree  centigrade. 

How  dull  is  our  sense  of  hearing  compared  with  the  inslrn- 
ments  which  science  has  given  in  the  telephone  and  the  micro- 
phone. 

I  suppose  many  of  us  have  had  at  times  to  leave  a  dead 
nntmnl  on  the  veld;  if  you  scan  the  heavens,  within  a  few 
minutes  yon  will  see  first  one  speck  and  then  another  appear 
overhead  as  the  aasvogels  collect  from  all  directions,  where  they 
have  I>oen,  perhaps,  ([uartcring  the  heavens.  The  power  of 
human  vision  cannot  compare  with  such  sight  as  tliey  possess, 
and  yet  by  the  aid  "f  inatrumonts  we  can  now  see  beyond  com- 
parison infinitely  further  and  more  pi-eciscly  than  tliey  can. 
It  is  by  the  delicacy  and  accuracy  of  mechanical  contrivances 
that  we  have  commenced  to  explore  the  regions  accessible  to 
human  Ihnught,  but  infinitely  beyond  our  unaided  human 
senses. 

In  my  schooldays  wc  were  taught  to  regard  heat  and  lighl 
as  two  distinct   agents:   now    we    know    that    they    are    bolb 
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radiations  emitted  by  hot  bodies  in  the  form  of  waves ;  not- 
withstanding that  the  length  of  these  waves  is  so  small  that 
we  judge  them  by  the  micron  or  one-thousandth  of  a  milli- 
metre, still  we  can  measure  them,  and  further  by  means  of  the 
spectroscope,  an  instrument  for  studying  the  spectra  of  bodies 
on  earth  or  in  the  heavens,  which  was  first  used  in  astro- 
nomical work  some  forty  years  ago,  we  can  analyse  those  waves 
which  affect  the  optic  nerve.  If  the  wave  length  is  greater 
than  about  one  forty-four-thousandth  of  an  inch  we  are  con- 
scious of  heat,  and  not  light.  We  find  that  the  waves  that 
produce  the  sensation  of  light  range  in  length  from  about  one 
forty-four-thousandth  to  one  seventh-thousandth  of  an  inch, 
and  as  different  lengths  are  refracted  differentlv  we  see  in  the 
spectrum  red,  yellow,  green,  blue,  and  violet  in  succession,  the 
colour  depending  on  the  wave  length.  Wave  lengths  from 
one  forty-four-thousandth  of  an  inch  to  one  fifty-thousandth 
of  an  inch  give  red,  and  then,  as  the  wave  length  is  shorter  and 
shorter,  we  get  yellow,  green,  blue,  and  lastly  violet.  When 
the  wave  length  is  less  than  about  one  seventy-thousandth  of 
an  inch,  there  is  no  longer  any  sensation  of  light  on  the  optic 
nerve.  What  happens  on  either  side  of  these  limits?  As  I 
stated,  when  the  wave  lengths  are  longer  than  about  one  forty- 
four-thousandth  of  an  inch  we  get  no  light,  but  we  get  heat, 
and  the  heat  waves  are  supposed  to  vary  between  this  length 
and  one  four-hundredth  of  an  inch. 

Electric  waves  vary  probably  between  one-tenth  of  an  inch 
and  possibly  one  thousand  feet  in  length.  Herz  measured  his 
electric  waves  at  about  one  hundred  and  fifty  feet  in  length 
from  node  to  node,  and  the  waves  now  used  in  wireless  tele- 
flrraohy  are  considerably  more.  At  the  other  end  of  the  scale 
beyond  the  ultra  violet,  when  the  waves  are  too  small  to  be 
visible,  which  we  find  to  be  the  case  when  the  wave  lenorths 
are  less  than  one  seventy-thousandth  or  one  eiflrhty-thousandth 
of  an  inch,  we  find  that  though  they  do  not  affect  the  optic 
nerve  there  are  still  waves,  and  that  these  affect  photographic 
plates,  and  have  various  chemical  actions;  we  are  able,  there- 
fore, now  to  ascertain  the  vibrations  and  the  lengths  of  more 
than  a  thousand  million  different  waves,  all  travelling  at  the 
same  speed  of  over  186,000  miles  per  second,  of  which  only 
about  thirty  thousand  are  visible  to  us.  Truly  this  is  an 
eloquent  tribute  to  the  accuracy  of  scientific  instruments.  Sir 
Isaac  Newton  in  his  theory  of  gravitation  contended  that  every 
particle  of  matter  in  the  universe  attracts  every  other  particle 
with  a  force  that  diminishes  as  the  square  of  the  distance  in- 
creases. How  could  this  be  proved  or  disproved?  Many 
doubted  it.  Everyone  is  aware  of  the  force  of  gravity,  but 
manv  eminent  scientists  believed  that  this  force  resided  in  the 
earth's  centre.  The  truth  of  Newton's  theory  was  proved  by 
an  apparatus  of  such  extraordinary  delicacy  and  accuracy  that 
it  could  measure  the  attraction  of  a  globe  of  lead  about  a  foot 
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in  iliaiueter  upon  two  small  halls  atlaclied  earli  to  one  end  o£  a 
light  liori;Kun<Rl  rod  suspended  at  its  centre  by  a  very  fine 
thread.  Such  was  the  proved  aieuracy  of  the  meaeurementB 
made  with  this  delicate  and  extreniely  senaitive  insirument, 
that  it  led  to  the  computation  of  the  density  of  the  earth, 
whieli  is  now  proved  to  be  five  and  a-haif  times  the  density  of 
water,  and  from  this  fact,  as  we  know  that  the  density  of  the 
crust  of  (he  earth  is  "ily  about  half  this  amount,  we  get  an 
additional  proof  of  the  fact  arrived  at  by  other  means,  that 
neap  the  ceuire  of  the  earth  matler  must  be  compressed  to  a 
density  far  exceeding  that  of  iron  ;  in  other  words,  that  the 
centre  of  llje  earth  is  not  a  hollow  full  of  fire,  as  used  to  be 
believed,  hut  a  solid,  moi-e  rigid  than  sleel.  Those  who  go 
down  to  the  deep  in  mines  know  well  that  the  temperatnre 
rises  as  we  descend.  This  rise  in  temperature  somewhat  varies 
in  different  localities,  but  if  we  eousidcr  that  every  cubic  foot 
of  earth  weighs  perhaps  one  hundred  and  fifty  pounds  or  more, 
it  is  certain  that  the  heat  some  ten  or  twentv  miles  below  the 
surface  must  be  very  great,  and  must  be  still  greater  further 
down,  but  yet  every  evidence  goes  to  prove  that  notwithstand- 
ing the  high  temperature  necessarily  caused  by  the  superin- 
cnnibeiit  mass,  the  interior  of  the  earth  is  kept  solid  by  the 
enormous  pressure. 

We  ai-e  able  lo  compute  not  onlv  the  density  of  the  earth, 
hut  also  that  of  the  sun  and  the  other  members  of  the  solar 
Bj-slem. 

We  know  that  the  density  of  the  sun  is  about  one-fourth 
that  of  the  earth,  and  about  forty  per  cent,  greater  than  that 
of  water:  that  the  density  of  Jupiter  is  only  about  one-third 
greater  than  that  of  water,  and  that  the  density  of  Saturn  is 
even  less  than  that  of  water.  Not  only  do  we  know  the 
density  of  the  planets,  but  we  know  their  si/e  and  mass,  and 
in  some  instances  their  period  of  rotation.  We  are  able  by  the 
accuracy  of  our  instruments  to  weigh,  to  measure,  and  to 
analyse  them.  How  have  these  results  been  obtained?  They 
have  been  arrived  at  by  years  of  work,  of  patient  and  accurate 
observation,  and  of  the  most  intricate  and  complicated  mathe- 
matical calculations.  The  weight  of  a  planet  is  arrived  at 
either  by  measuring  the  deviation  in  the  orbits  of  the  planet 
next  to  it,  caused  by  its  attraction  to  them,  from  which  the 
force  of  the  pull  can  be  determined  and  consequently  the  mass, 
nr  secondly  in  the  case  of  a  planet  which  has  satellites  revolv- 
ing round  it.  astronomers  observe  the  attraction  of  the  planet 
on  its  satellites  and  so  determine  its  mass. 

It  is  estimated  that  the  human  eve  at  its  best  cannot  dis- 
finjruish  more  than  5.000  or  (i.OOO  of  the  stars  out  of  all  the 
millions  that  there  are.  Reflecting  and  refracting  telescopes 
enable  us  to  see  many  millions  of  them,  but  a  photograph  tele- 
scope with  a  specially  made  object  glass  will  reveal  on  a  photo- 
graph stars  too  faint  to  be  seen  through  any  telescope  up  to 
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hundreds  of  millions  in  number. 

Photogrraphy  is  now  in  constant  use  for  studying  the  spots 
on  the  sun,  the  comets,  and  the  nebulae.  In  connection  with 
the  study  of  the  sun-spots,  by  the  use  of  the  spectroheliograph, 
invented  by  Professor  Greorge  Hale,  which  is  an  instrument  for 
taking  photographs  of  the  sun  by  the  light  of  a  single  ray  of 
the  spectrum,  astronomers  have  found  that  calcium  is  the  most 
noticeable  constituent  of  the  gas  eruptions  that  are  for  ever 
taking  place  on  the  photosphere  of  the  sun.  It  is  by  the 
spectroscope  that  astronomers  are  enabled  to  determine  what 
the  heavenly  bodies  are  made  of,  because  if  the  light  of  an 
incandescent  body  passes  through  a  gas  which  is  cooler  than 
that  body,  the  spectrum  from  the  solid  body  will  be  seen  crossed 
by  dark  lines  which  varv  according  to  the  nature  of  the  gas 
through  which  the  light  has  passed.  It  was  by  spectrum  analy- 
sis that  the  red  prominences  in  the  sun  were  discovered  to  be 
masses  of  glowing  hydrogen.  By  the  spectroscope  again  it  is 
possible  to  determine  whether  heavenly  bodies  are  advancing* 
towards  us  or  receding  from  us,  for  an  advancing  star  gives  out 
somewhat  shorter  wave  lengths  of  light,  whereas  a  star  reced- 
ing from  us  gives  out  longer  ones.  The  position,  therefore,  of 
the  lines  in  the  spectrum  reveals  the  motion  of  the  star.  A'ari- 
able  stars,  that  is  to  say,  stars  whose  brilliancy  varies  in  many 
cases  by  regular  periods,  have  been  for  many  years  the  subject 
of  careful  study.  It  is  now  ascertained  that  this  variation  is 
caused  by  the  fact  that  what  appears  to  be  one  star  as  seen 
even  by  the  most  powerful  telescope,  is  really  a  double  star, 
the  one  revolving  round  the  other.  This  has  been  discovered 
by  the  fact  that  the  spectrum  of  the  star  is  a  double  one,  the 
lines  of  one  now  covering  and  now  receding  from  the  lines  of 
the  other. 

In  the  case  of  the  variable  star  Beta  Perseior  Algol  it  was 
noticed  that  at  intervals  of  about  two  days  and  twenty-one 
hours  it  fades  awav  for  a  few  hours.  It  is  now  known  bv  means 
of  the  spectroscope  that  a  dark  planet  revolves  round  this  star 
and  partially  eclipses  it.  Surely  this  discovery  may  be  hailed 
as  a  veritable  triumph  of  science  due  to  extraordinary  accuracy 
of  observation  and  the  extreme  precision  of  scientific  instru- 
ments. Distance  makes  no  difference  to  the  spectroscope.  If 
enough  light  comes  from  the  star  to  enable  its  spectrum  to  be 
analysed,  though  that  light  may  have  been  hundreds  of  years 
on  its  way  to  us,  travelling  at  the  rate  of  over  one  hundred  and 
eighty-six  thousand  miles  a  second,  still  the  analysis  i*eveals  to 
us  the  constitution  of  the  star.  As  the  usual  units  of  measure 
would  be  quite  inadequate  to  deal  with  the  immense  distances 
in  the  solar  system,  astronomers  use  the  mean  distance  of 
the  earth  from  the  sun  as  a  unit  of  measure  for  determining 
the  distance  between  the  planets.  The  measurement  of  this 
unit  necessarily  involves  the  most  difficult  and  intricate  prob- 
lems, and  astronomers  are  not  as  yet  satisfied  with  the  results. 
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The  distance  as  computed  by  the  following  four  different 
methods,  namely,  measure  of  parallax,  by  the  velocity  of  light, 
by  the  swing  of  the  moon,  and  by  the  relations  between  the 
mass  of  the  earth  and  that  of  the  sun,  varies  between 
93,113,000  and  92,958,000  miles.  This  is  an  eloquent  testimony 
to  the  precision  and  accuracy  of  astronomers  and  their  instru- 
ments, and  perhaps  the  fact  that  astronomers  are  not  satisfied 
with  such  results  is  a  testimony  more  eloquent  still. 

I  have  dealt  with  these  instances  of  what  precision  and 
accuracy  can  and  has  been  achieved  in  astronomy,  because, 
not  only  do  they  show  that  truth  is  never  dull,  but  they  appeal 
with  such  force  to  the  imagination.  When  we  look  up  into  the 
heavens  at  the  two  bright  stars  near  the  Southern  Cross  and 
consider  that,  as  far  as  our  knowledge  goes  at  present,  one  of 
them.  Alpha  Centauri,  is  the  nearest  to  us  of  all  the  stars  in 
the  heavens,  and  that  its  distance  from  us,  as  far  as  it  is  yet 
determined,  is  275,000  times  that  of  the  sun  from  the  earth,  we 
appreciate  the  immensity  of  the  universe  and  the  wonders  of 
science. 

The  education  of  the  past  has  been  so  defective  in  scientific 
training  that  very  few  parents  even  to-day  can  answer  with 
accuracy  the  many  questions  propounded  by  every  curious  and 
enquiring  child.  But  now  that  we  have  attained  to  a  certain 
amount  of  exact  knowledge  as  to  the  laws  and  facts  of  nature, 
at  least  we  should  in  South  Africa  insist  that  every  child 
should  be  taught  the  simple  facts  of  science,  the  immutable 
laws  of  nature,  truthfully  and  accurately.  To  learn  is  easier 
than  to  unlearn,  and  the  untruths  that  have  been  instilled  into 
human  beings  for  many  centuries  past  have  not  only  caused 
needless  misery,  but  have  materially  retarded  the  progress  of 
the  human  race. 

At  the  northern  end  of  this  vast  African  Continent 
more  than  2,000  years  ago  Pythagoras  instructed  his  pupils  as 
to  the  motions  of  the  earth.  Aristarchus  evolved  the  proper 
methods  of  calculating  the  distance  of  the  sun  and  of  the  moon. 
Eratosthenes  calculated  the  circumference  of  the  earth.  Hip- 
parchus  discovered  the  precession  of  the  equinoxes;  and  Hero 
invented  the  steam  turbine,  re-invented  only  lately  by  de 
Laval.  It  is  true  that  the  conclusions  of  these  great  minds 
were  not  always  accurate,  because  they  had  not  the  delicate 
and  accurate  instruments  that  have  enabled  men  of  science  of 
the  last  hundred  years  to  arrive  at  far  more  precise  results,  but 
their  methods  were  scientific,  notwithstanding. 

Let  us  hope  that,  emulating  these  sages  of  antiquity  from 
the  time  of  Thales  to  Galen,  there  may  be  many  scientific 
workers  in  this  southern  part  of  this  same  great  continent 
who  may,  with  the  advantage  of  the  accuracy  and  delicacy  of 
modern  instruments,  achieve,  by  honest  record  and  truthful 
Tesearch,  results  that  may  serve  humanity  by  opening  up  fresh 
paths  of  human  activity,  always  mindful  of  the  fact  that  the 
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highest  function  of  science  is  the  true  interpretation  of  nature 
and  its  laws.  Huxley  maintained  that  no  boy  or  girl  should 
leave  school  without  possessing  a  grasp  of  the  general  character 
of  science,  without  having  been  disciplined  more  or  less  in  the 
nietluKls  of  all  science. 

*'That  man,"  he  says,  "has  had  a  liberal  education  who  has 
been  so  trained  in  youth  that  his  body  is  the  ready  servant  of 
his  will,  and  does  with  ease  and  pleasure  all  the  work  that  as 
a  mechanism  it  is  capable  of.  Whose  intellect  is  a  clear,  cold 
logic  engine,  with  all  its  parts  of  equal  strength  and  in  smooth 
working  order,  ready,  like  a  steam  engine,  to  be  turned  to  any 
kind  of  work  and  spin  the  gossamers  as  well  as  forge  the 
anchors  of  the  mind;  whose  mind  is  stored  with  a  knowledge 
of  the  great  and  fundamental  truths  of  nature  and  the  laws  of 
her  operations;  one,  who,  no  stunted  ascetic,  is  full  of  life  and 
fire,  but  whose  passions  are  trained  to  come  to  heel  by  a 
vigorous  will,  the  servant  of  a  tender  conscience,  who  has 
learned  to  love  all  beauty,  whether  of  nature  or  of  art,  to  hate 
all  vileness,  and  to  respect  others  as  himself." 

This  Association  would  do  well  to  lay  stress  on  the  neces- 
sity of  having  the  men  and  women  of  to-morrow,  the  children 
of  to-day,  educated  on  such  a  basis.  A^iyone  who  has  had  to 
do  with  the  training  of  youth  will  bear  evidence  to  the  natural 
tendency  of  a  child's  mind  to  inquire  into  and  even  be  fascin- 
ated by  the  study  of  flowers,  of  fish  and  animal  life,  and  of  the 
heavens.  This  inclination  has  been  too  often  in  the  past 
stunted  and  deflected  by  the  ignorance  of  their  teachers,  but 
let  us  hope  that  this  will  not,  cannot,  occur  in  the  future,  now 
that  the  work  of  the  great  scientists  of  the  past  fifty  years  is 
bearing  fruit.  How  few  people  even  yet  really  appreciate  what 
we  owe  to  those  great  minds,  and  what  a  vista  of  intellectual 
and  material  enjoyment  they  opened  up.  As  Lord  Avebury, 
in  an  essay  on  Professor  Huxley,  puts  it :  — "  Huxley  was  one 
of  the  foremost  of  those  who  brought  our  people  to  realise  that 
science  is  of  vital  importance  in  our  life,  that  it  is  more  fascin- 
ating than  a  fairy  tale,  more  brilliant  than  a  novel,  and  that 
anyone  who  neglects  to  follow  the  triumphant  march  of  dis- 
covery, so  startling  in  its  marvellous  and  unexpected  surprises, 
so  inspiring  in  its  moral  influence,  and  its  revelation  of  the 
beauties  and  wonders  of  the  world  in  which  we  live,  and  the 
Universe  of  which  we  form  an  infinitesimal  part,  is  deliber- 
ately neglecting  one  of  the  greatest  comforts  and  interests  of 
life,  one  of  the  greatest  gifts  which  we  have  been  endowed  with 
by  Providence." 

"  No  man,"  says  Professor  Drummond,  **  can  study  modem 
science  without  a  change  coming  over  his  views  of  truth ;  what 
impresses  him  about  nature  is  its  solidity,  he  is  standing  upon 
actual  things  among  fixed  laws." 

Every  scientist  lays  stress  on  the  necessity  of  truth.  "  The 
fundamental  characteristic,"  says  Professor  Ira  Hemsen,  "  of 
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the  scientific  method  is  honesty.  In  dealing  with  any  question 
science  asks  no  favours.  The  sole  object  is  to  learn  the  truth, 
and  to  be  guided  by  the  truth.  Absolute  accuracy,  absolute 
fidelity,  absolute  honesty  are  the  prime  conditions  of  scientific 
progress."  This  is  the  keynote  of  science.  Veracity:  that  is 
what  science  demands  of  its  followers,  whether  they  are  busied 
in  experiments  or  researches,  in  recording  minute  facts,  or  in 
generalisations  from  those  facts — absolute  truthfulness. 

It  is  self-evident  that  if  by  what  Huxlfey  calls  a  liberal 
education  this  habit  of  mind  of  honesty  is  engendered  in  youth, 
the  result  to  the  race  must  be  far-reaching  and  beneficial  in 
the  extreme  in  every  phase  of  human  life  and  activity.  The 
subject  of  Technical  Education  is  one  that  we  are  all 
interested  in,  and  the  vital  importance  of  a  training  in  scien- 
tific principles  to  fit  men  for  each  and  every  profession  has  been 
widely  advocated  by  statesmen,  manufacturers,  and  scientists. 
It  has  been  well  and  forcibly  supported  by  the  Press.  Its 
necessity  has  been  recognised  here  in  Johannesburg  with  the 
thorough  practicality  that  we  always  expect  from  this  en- 
lightened community.  I  need,  therefore,  not  enlarge  on  it. 
In  the  words  of  William  Barton  Rogers,  to  whom  was  mainly 
due  the  origin  of  the  Massachusetts  Institution  of  Technology 
at  Boston,  **'We  believe  that  the  most  truly  practical  education 
even  in  an  industrial  point  of  view  is  one  founded  in  the 
thorough  knowledge  of  scientific  principles,  and  which  unites 
with  habits  of  close  observation  and  exact  reasoning  a  large 
and  generous  cultivation."  We  have  come  to  recognise,  too, 
atruth,  the  importance  of  which  cannot  be  over-estimated,  the 
necessity  of  giving  to  the  professors  and  teachers  of  such  institu- 
tions ample  time  and  opportunity  for  individual  research.  I 
need  scarcely  point  out  to  an  eminently  practical  community 
like  that  of  Johannesburg  the  opportunity  they  have  of  for- 
warding their  own  interests  by  cash  contributions,  not  neces- 
sarily of  large  amounts,  and  which  could  be  limited  as  to 
period,  for  the  purpose  of  furthering  research  into  problems 
affecting  objects  they  may  have  in  view. 

(Jne  valuable  feature  of  the  training  in  the  Technical 
Schools  of  Boston  and  Cornell,  in  America,  and  of  Berlin  and 
Zurich,  in  Europe,  is  worthy  of  notice,  and  that  is  that  many 
of  the  lectures  are  given  by  men  in  the  full  and  regular  prac- 
tice of  their  professions.  The  student  has  the  advantage  of 
knowing  and  becoming  personally  known  to  men  thoroughly 
cognisant  of  the  theory  and  practice  of  the  profession  he  is 
about  to  enter,  and  this  social  and  intellectual  intercourse  must 
prove  of  lasting  and  mutual  benefit.  The  man  practising  a 
profession  or  trade  is  always  on  the  look-out  for  likely  young 
men  to  assist  him,  whilst  the  professor  and  regular  teacher  is 
ever  proud  of  placing  out  his  promising  pupils  to  the  best  ad- 
vantage. The  human  element  plays  a  large  part  in  education ; 
of  the  making  of  books  there  is  no  end,  but  often  the  truth  is 
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not  in  them.  If  there  could  be  a  comprehensive  educational 
series  **  hall-marked  "  by  some  competent  body,  guaranteeing^ 
it  as  being  accurately  truthful  in  its  statements  and  its  argu- 
ments, education  would  soon  be  in  a  more  forward  condition. 
I  sometimes  wonder  if  the  press  ever  realises  the  dominion 
it  might  possibly  have  had.  We  all  recognise  the  great  in- 
fluence it  has  now,  but  just  think  for  a  moment  how  that  in- 
fluence would  be  enhanced,  what  the  power  of  the  press  over 
every  one  of  you  would  be,  if  you  knew  that  every  statement 
that  you  read,  whether  it  were  in  books,  in  the  papers,  or  in  a 
magazine,  not  avowedlv  fiction,  was  absolutely  and  accurately 
true !  The  day  of  universal  scientific  accuracy  in  every-day 
life  is  not  yet,  but  the  time  may  come  when  the  motto,  not  of 
science  alone,  but  of  every  human  being,  shall  be  "  Humility 
and  Truth." 
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THE  METALLURGY  OF  THE  WITWATER8RAND. 


By  John  R.  Williams. 
(Plates  L  and  IL) 

I  fear  my  colleagues  in  making  their  choice  have  given 
me  an  impossible  subject  to  deal  with  this  morning — viz.,  the 
Metallurgy  of  the  Witwatersrand.  In  the  production  of  gold 
there  is  no  competition,  and  so,  there  being  no  walls  of  China 
surrounding  the  metallurgy  of  this  country,  the  members  of 
the  many  useful  scientific  societies  on  these  fields  have  been 
only  too  willing  to  contribute  papers  on  any  new  discovery  or 
departure  from  routine  practice. 

I  find  it,  therefore,  quite  impossible  (without  reiterating 
statements  made  and  quoting  from  papers  written  by  others 
as  well  as  myself  on  this  question,  so  important  to  these  and 
other  goldfields)  to  attempt  to  do  justice  to  the  subject  indi- 
cated by  the  title  of  this  address. 

Gold  has  always  been,  and  probably  always  will  be,  the 
most  sought  after  of  all  the  metals,  on  account  of  its  intrinsic 
value  and  commercial  importance;  yet,  notwithstanding  this, 
the  winning  of  it  has,  up  to  the  last  half-century  or  so,  been 
conducted  in  the  most  primitive  fashion. 

So  far  as  our  knowledge  goes,  the  Ancients  were  limited 
to  washing  it  out  of  the  sands  or  crushed  rock,  and  refining 
the  product  by  fire.  This,  together  with  the  use  of  mercury 
in  some  form  to  assist  collection,  has  remained  for  ages  the 
extent  of  the  knowledge  of  the  subject. 

The  first  introduction  of  a  method  for  the  further  ex- 
traction of  the  precious  metal  was  that  of  dissolving  the  gold 
by  chlorine  gas  after  calcination,  which  is  still  in  use  in 
a  similar  form  to  that  when  first  adopted,  being  called  the 
Plattner  process,  after  its  discoverer,  and  occasionally  modi- 
fied by  the  substitution  of  bromine  or  iodine  solutions,  etc. 

To  within  the  last  15  years  or  so  this  represented  prac- 
tically the  only  hydro-metallurgical  method  in  use,  and, 
being  a  process  which  even  in  most  favourable  cases  entailed 
a  cost  of  over  15s.  per  ton,  its  sphere  of  usefulness  was  limited 
greatly,  and  it  was  generally  adopted  only  after  some  form  of 
concentration. 

Subsequently  a  good  deal  of    experimenting    was    made 
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with  a  view  of  making  use  of  the  well-known  properties  of 
cyanide  of  potassium  as  a  solvent  for  gold  whien  had  been 
discovered  by  Prince  Bagration,  and  amongst  those  who 
worked  upon  this  may  be  mentioned  the  names  of  Janin,  Rae, 
Simpson,  etc. ;  but  it  was  left  for  MacArthur  and  Forrest  to 
first  bring  it  to  a  practical  form  and  to  demonstrate  that  it 
could  be  commercially  applied  to  the  winning  of  gold,  and  by 
them  it  was  first  introduced  on  the  Witwatersrand  Gold- 
fields  in  1889:  since  then  it  has  undergone  enlargement  and 
modification,  until  it  stands  to-dav  in  the  position  of  being 
the  most  important  process  in  the  Metallurgy  of  Gold. 

Having  now  given  you  a  brief  description  of  the  earliest 
history  of  metallurgy,  I  will  now  take  the  modern  practice  of 
a  mine  on  the  Witwatersrand. 

The  ore  from  the  Main  Reef  series  of  the  Witwaters- 
rand has  been  too  much  written  about  to  need  any  lengthy 
description. 

As  is  well  known,  the  ore  is  a  pebbly  conglomerate,  and 
the  interstices  are  filled  up  with  a  cement  which  is  the  only 
mineralised  part  of  the  rock.  In  some  exceptional  cases  the 
pebbles  have  been  known  to  be  mineralised  and  even  to  con- 
sist of  pyrites,  but  these  instances  are  not  numerous.  This 
cement  is  mostly  siliceous  matter  and  iron  pyrites;  it  adheres 
very  strongly  to  the  pebbles,  making  it  necessary  to  pass 
everything  through  the  mill. 

The  composition  of  the  ore  is  approximately  about  3  per 
cent,  iron  pyrites  and  97  per  cent,  silica,  with  occasional 
traces  of  other  minerals. 

I  recognise  that  there  are  a  large  number  of  scientific 
gentlemen  present,  who  are  fully  conversant  broadly  with  all 
the  methods  in  use  for  the  recovery  of  gold,  but  at  the  same 
time  it  can  hardly  be  expected  that  all  of  them  are  familiar 
with  the  details  of  the  Metallurgy  of  Gold  as  practised  on 
these  fields.  For  those  who  are  laymen  in  the  science  of 
metallurgy  I  think  a  very  brief  glossary  of  some  of  the  terms 
used  here  may  be  found  of  assistance. 

Metallurgy. — **  The  art  of  extracting  metals  from  their 
Ores.'' — Percy. 

Ore.— The  terms  **  Ore,''  *\Quartz,"  and  **  Banket "  are 
applied  to  metalliferous  matter  in  its  natural  state. 

Concentration. — The  name  applied  to  any  mechanical 
operation  which  separates  the  metalliferous  particles  from 
the  earth,  stone,  quartz,  etc.,  with  which  they  are  mixed. 
As  these  metalliferous  particles  carry  many  times  the 
amount  of  gold  that  was  contained  in  the  original  ore,  they 
are  called  concentrates  from  the  fact  that  the  gold  has  been 
concentrated  into  a  small  bulk. 

Tailinr/s  or  Sands  are  the  leachable  sandj'  particles  of 
crushed  rock  after  the  free  gold  has  been  extracted  by  amal- 
gamation and  the  concentrates  by  special  machinery. 
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Pulp, — By  pulp  is  meant  tlie  mixture  of  eruslied  ore 
with  concentrates,  slimes,  and  water,  as  they  leave  the  mill 
plates. 

Slimes, — The  unleachable  clayey  portion  of  the  ore  with 
some  very  fine  sand,  which  remains  in  suspension  for  some  time 
in  wat«r. 

Residues  are  the  tailings,  concentrates,  and  slimes  after 
the  gold  has  been  extracted  by  any  process. 

After  the  ore  has  been  hauled  from  the  mine  and  the 
necessary  hand  picking  of  waste  rock  on  revolving  tables, 
beltis,  or  other  methods  performed,  it  is  taken  to  the  battery, 
which  is  also  known  as  the  quartz  mill. 

Since  the  gold  is  in  a  very  fine  state  of  division,  several 
thousand  pieces  being  sometimes  required  to  weigh  one  grain, 
it  is  necessary  to  crush  the  ore  very  fine  before  the  gold  can 
be  extracted.  Of  all  the  machinery  yet  invented,  the  stamp 
mill  must  be  acknowledged  the  best  pulveriser,  and  is  the  only 
machine  used  on  the  Rand.  This  machine  and  the  operations 
connected  with  it  are  so  well  known  that  for  most  readers  it 
would  be  unnecessary  to  give  any  description  of  it,  but  for 
the  benefit  of  the  uninitiated  a  few  remarks  may  be  interest- 
ing. The  ore,  as  brought  from  the  mine,  after  picking  out 
as  much  as  possible  of  the  sandstone  which  carries  little  or 
no  gold,  is  passed  through  a  stone-breaker,  which  reduces  it  in 
size  so  that  it  will  pass  through  a  2-inch  mesh.  It  is  then 
by  means  of  trucks  taken  into  the  mill  and  dumped  into  the 
ore-bin  '*  A,''  which  has  an  automatic  arrangement  attached 
called  a  feeder  "  B,''  by  which  a  constant  supply  of  ore  is 
kept  in  the  mortar-box  "  C."  The  stamps  "  D,'*  of  which 
there  are  usually  five  in  a  mortar,  are  lifted  by  the  cams 
"  E,"  and  then  fall  with  their  full  weight  on  the  ore.  The 
particles  which  have  been  sufficiently  reduced  in  size  are  con- 
tinually removed  through  the  screen  "  F "  by  the  aid  of 
water,  which  continually  flows  into  the  mortar-box.  Mercury 
is  from  time  to  time  added  in  the  mortar-box.  This  amalga- 
mates with  the  gold,  which  is  caught  on  the  amalgamated 
copper  plates  "  G "  and  "  H  "  inside  and  outside  the  mortar- 
box  (see  Plate  I.). 

Great  judgment  is  required  in  the  amount  of  mercury 
used,  as  if  too  little  is  added  the  amalgam  becomes  hard  and 
brittle,  and  is  easily  carried  off  the  plates  by  the  sharp  stony 

f ►articles,  whereas  if  too  much  mercury  is  used  the  mercury 
iquates  in  tears,  rolls  off  the  plates,  carrying  gold  with  it. 
The  amalgam  on  the  outside  plates  or  coppers  is  taken  off 
daily  by  the  aid  of  an  iron  scraper,  and  after  grinding  in  a 
Wedgewood  mortar  with  an  excess  of  mercury,  it  is  squeezed 
through  a  piece  of  fine  canvas  or  chamois  leather,  which 
allows  the  mercury  to  pass  through  its  pores,  whilst  tlie  gold 
is  i*etained  as  a  pasty  amalgam,  consisting  of  from  25  to  30 
per  cent,  of  gold,  the  remainder    being    mercury    with    some 
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impurities.  The  inside  coppers  are  taken  out  weekly  or  when 
required,  and  cleaned  off  in  the  same  manner  as  above.  Once 
a  month  the  sands  in  the  mortar-box,  which  contain  a  large 
percentage  of  the  coarser  gold,  are  taken  out  and  ground  with 
mercury.  This  amalgam  is  retorted  in  a  strong  cast-iron 
cylinder  called  a  retort,  which  is  placed  in  a  strong  fire,  the 
heat  of  which  volatilises  the  mercury;  the  mercury  vapour  is 
led  through  a  condenser,  where  it  is  caught  for  re-use  in  the 
mill.  When  the  retorting  is  finished,  the  door  is  screwed  off, 
and  the  now  spongy  gold  is  melted  with  a  suitable  flux  in  a 
plumbago  crucible,  and  cast  into  bars  or  ingots,  which 
usually  contain  from  80  to  90  per  cent,  of  gold,  the  difference 
being  principally  silver,  which  is  nearly  always  associated 
with  native  gold.  By  the  stamp  mill  five  tons  of  hard  rock 
per  stamp  per  day  can  be  crushed  so  as  to  pass  through  a 
mesh  having  700  holes  to  the  square  inch,  at  a  cost  of  3s.  per 
ton  including  maintenance.  The  amount  crushed  depends 
upon  the  hardness  of  the  ore,  the  number  of  holes  to  the  inch 
in  mesh,  the  weight  of  the  stamps,  and  the  height  of  the 
drop. 

There  are  four  methods  at  present  by  which  the  pyritic 
pulp  may  be  treated,  viz.: — (1)  Concentration;  (2)  Concen- 
tration and  treatment  of  tailings  by  cyanide;  (3)  Direct 
treatment  by  cyanide;  and  (4)  Classification  and  treatment 
of  the  various  products  according  to  the  time  required  by  the 
cyanide  to  dissolve  the  gold. 

Concentration. — As  most  of  the  leading  metallurgists  on 
the  Rand  are  of  opinion  that  the  fine  concentration  and 
chlorination  of  Hand  ores  is  usually  an  unnecessary  process 
owing  to  the  cheap  solvent  for  gold  possessed  in  cyanide  of 
potasaium,  it  will  be  sufficient  to  say  that  it  has  for  its  object 
the  removal  of  metalliferous  particles  from  the  matrix  of 
quartzite  by  the  use  of  special  concentrating  machinery,  and 
if  it  wer^)ossible  to  do  this  effectively  it  would  certainly  be 
the  right  i)rocedu re  to  adopt,  but  as  rarely  more  than  40  per 
cent,  of  the  gold  is  extracted  by  this  method,  and  in  many 
cases  not  more  than  40  per  cent,  of  this  results  in  a  profit,  it 
has  generally  been  discarded  in  favour  of  the  more  profitable 
treatment  by  cyanide  subsequently  described. 

Recovery  of  Gold  from  Concentrates. — There  are  two 
processes  used  to  extract  gold  from  concentrates,  which  vary 
in  value  from  3  ozs.  to  20  ozs.  per  ton: — (1)  Chlorination; 
(2)  Cyaniding.  The  average  of  Rand  concentrates  is  from 
4  ozs.  to  5  ozs. 

Chlorination. — This  process  was  first  introduced  by  Pro- 
fessor Plattner,  of  Freiberg,  Saxony,  and  is  acknowledged  to 
be  the  most  perfect  method  for  extracting  gold,  as,  unlike 
the  cyanide  process,  it  is  applicable  to  practically  all  classes 
of  ores.  The  process  is  based  on  the  fact  that  when  chlorine 
gas  is  brought  into  contact  with  gold-bearing  substances,  the 
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gold  is  convei-ted  into  a  soluble  chloride  of  gold,  which  is  easily 
dissolved  in  cold  water,  from  which  it  can  be  precipitated  by 
cither  sulphnte  of  irnu  yielding  metalliegoldnr  by  Biilphuretlpd 
hydrogen  yielding  sulphide  of  gold.  These  precipitates  are 
tiien  dried"  and  melted  with  a  suitable  flux  to  obtain  nearly 
pure  gold. 

The  conditions  necessary  for  the  economic  working  of  the 
process  are:  (1)  The  gold  must  be  in  a  metallic  stale  and 
finely  divided:  (2)  there  must  be  no  other  substance  in  the 
ore  which  will  unite  with  chlorine,  as  this  would  cause  waste 
of  the  gas;  (3)  there  must  be  no  substance  present  which  will 
preniatui'ely  precipitate  the  gold  before  the  solutions  are 
drawn  off.  As  the  material  subjected  to  chlorination  is 
usually  concentrates,  which  only  require  roasting  to  convert 
the  base  metals  into  oxides  fso  as  not  to  unite  with  chlorinel 
and  prepare  the  gold  in  a  suitable  condition  for  chlorination, 
they  present  no  diificulty,  and  an  extraction  of  97  to  H'J  per 
cent,  is  easily  obtained. 

The  concentrates  are  first  dried  by  the  waste  heat  of  the 
furnace,  after  which  they  are  introduced  into  a  reverberatory 
furnace,  where  they  are  calcined  so  as  to  expel  absolutely  al! 
the  sulphur,  converting  all  the  sulphides  into  oxidea.  The  charge 
is  then  withdrawn  from  the  furnace  and  thrown  on  what  is 
known  as  a  damping  floor,  where  it  is  carefully  damped. 
Usually  5  per  cent,  of  water  is  added,  which  will  render  it 
BO  that  on  handling  no  dust  is  formed,  and  a  handful  pressed 
will  form  a  lump  withont  moistening  the  hand.  The  object 
(if  this  damping  is.  firstly,  to  render  the  charge  light  so  that  it 
d'jeanot  pack  in  the  tank,  secondly,  chlorine  gas  in  the  dry  state 
does  not  dissolve  gold,  and  it  is  therefore  necessary  to  be  very 
careful  in  damping  the  calcined  or  roasted  ore.  This  is  now 
transferred  to  the  lank  "A"  (see  PI.  II.),  having  a  perforated 
false  bottom,  which  is  in  fact  a  carefully  perforated  filter, 
"  B,"  A  lid  "  C  "  having  a  water  joint  "  D  "  is  put  on,  and 
chlorine  gas  is  forced  by  pressure  from  the  generator  through 
the  leaden  pipe  "  E."  The  gas  diffuses  through  the  ore,  and 
when  the  charge  is  saturated  (which  can  he  ascertained  by 
its  appearance  at  the  top  of  the  tank)  it  is  turned  off  and 
the  charge  allowed  to  stand  according  to  the  time  required — - 
18  to  24  hours  being  usually  sufficient.  The  cover  "  C  "  is 
now  removed,  ami  sufficient  water  added  to  thoroughly  satu- 
rate the  charge,  which  after  standing  for  some  time  is  drawn 
off  through  the  cock  "  F  "  at  the  bottom  and  run  into  the 
precipitating  vat  or  tank  "  G."  Sufficient  water  is  further 
added  to  the  charge  to  wash  out  all  the  soluble  gold 
chloride:  these  washes  are  added  to  the  other  in  the 
vat  "  G."  The  gold  chloride  in  solution  is  precipitated 
by  the  addition  of  sulphate  of  iron  (green  vitriol). 
When  the  gold  precipitate  is  quite  settled,  tlie  solution 
is    drawn    off     through     a     series     of     cocks     at     the     side, 
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and  the  precipitate  carefully  filtered,  dried,  and  melted  with 
a  suitable  flux,  and  cast  into  bars  or  ingots.  This  gold  is 
about  970  fine,  which  means  that  970  parts  per  1,000  ai-e  pure 
gold.  This  process  from  a  scientific  view  is  as  perfect  as  it 
is  possible  for  any  metallurgical  process  to  be,  for  96  to  99 
per  cent,  of  the  gold  contents  of  the  concentrates  can  be  ex- 
tracted by  it;  but  from  a  commercial  point  of  view,  owing  to 
the  large  amount  of  chemicals  required,  which  have  to  be 
imported  from  Europe,  and  the  high  cost  of  fuel,  it  has,  in 
many  cases,  had  to  give  way  to  the  cheaper,  although  less 
perfect,  cyanide  process. 

Having  briefly  touched  upon  the  preliminary  gold  extrac- 
tion processes,  I  shall  now  deal  with  the  cyanide  process,  which, 
with  the  exception  of  the  stamp  mill,  may  be  justly  said  to 
be  the  only  metallurgical  operation  on  these  fields.  This  we 
learn  from  the  Chamber  of  Mines'  returns,  which  show  that 
whereas  64.20  per  cent,  was  extracted  by  the  mill,  and  35.16 
per  cent,  by  the  cyanide  process,  only  0.64  per  cent,  was 
extracted  by  the  clilorination  process. 

The  pulp  after  leaving  the  plates  is  led  by  a  launder  to 
the  tailings  wheel,  which  elevates  it  to  another  series  of 
launders,  and  these  convey  it  first  over  a  set  of  spitzlutten, 
where  the  separation  of  about  10  to  15  per  cent,  of  a  rough 
concentrate  takes  place,  including  all  the  coarser  particles  of 
sand  and  pyrites,  to  which  it  has  been  found  advisable  to  give  a 
prolonged  treatment  by  cyanide. 

From  these  the  pulp  flows  on  io  a  series  of  spitzkasten, 
where  the  separation  of  the  bulk  of  the  slimes  is  effected; 
these  slimes  flow  over  to  another  series  of  spitzkasten,  where 
the  bulk  of  the  water  is  separated,  and  flows  away  practically 
as  clean  water  to  the  return  water  dam. 

That  portion  effluent  from  the  lowc^r  discharge  pipe  of  the 
sands  spitzkasten  is  led  by  a  hose  into  the  sands  collecting 
tanks,  and  some  care  has  to  be  exercised  here  in  the  filling 
of  the  tanks,  as  tlie  object  is  to  eliminate  as  much  of  the 
water-borne  slimes  as  possible,  so  as  to  obtain  as  leachable  a 
product  as  possible.  The  tanks  are  fitted  with  slat 
gates,  which  have  a  roller  blind  of  canvas:  this  serves  to  make 
a  good  joint  of  the  various  slats  and  also  helps  to  regulate 
the  height  of  the  overflow.  The  effluent  from  these  gates 
flows  away  by  launders  over  the  return  spitzkasten  in  order 
to  save  any  sands  which  may  have  escaped  from  the  tanks: 
these  then  go  back  to  the  tailings  wheel,  while  the  effluent 
overflows  and  joins  the  rest  of  the  slimes  pulp  going  to  the 
slimes  works. 

The  filling  of  tlie  sands  tanks  is  quite  an  important 
operation,  as  it  is  necessary  to  obtain  clean  leachable  sands  if 
the  subsequent  operations  are  to  be  of  the  most  satisfactory 
nature. 

In  order  to  obtain  this  desired  separation  of  the  slimes, 
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the  gates  have  to  he  regulated  very  nicely,  and  as  in  spite  of 
all  care  (the  slimes  having  so  great  a  tenaency  to  settle  in  the 
already  lime-hardened  mill  water  and  requiring  to  be  con- 
stantly stirred  up)  some  sands  will  necessarily  pass  out  of  the 
tanks.  Attention  to  this  detail  is  important,  for  if  the  sands 
are  in  excess  and  beyond  the  capacity  of  the  return  spitz- 
kasten,  a  great  deal  of  annoyance  may  be  caused  by  blockages 
of  the  pipes  and  sands  sent  down  to  the  slimes  works,  causing 
extra  wear  on  the  sludge  pumps,  besides  affecting  the  results 
obtained  there.  On  the  other  hand,  if  the  gates  are  kept  too 
high  and  the  slimes  not  sufficiently  stirred  up  they  will  settle 
in  layers;  this  is  to  be  avoided,  as  the  mass  does  not  get  suffi- 
ciently broken  up  in  lowering,  and  though  perhaps  not  inter- 
fering with  the  rate  of  leaching,  these  slime  lumps  which  have 
been  formed  in  the  settlement  do  not  get  properly  treated 
owing  to  their  impermeability,  and  the  gold  which  should  have 
been  obtained  from  them  is  sent  to  the  dump. 

There  is  nothing  of  any  particular  importance  to  be  said 
concerning  the  concentrating  spitzlutten;  their  construction 
is  well  known,  and  they  can  be  easily  controlled  to  give  any 
desired  degree  of  concentration,  if  such  a  term .  can  be  used 
ever,  rather  apt  to  give  some  trouble  through  the  wearing  of 
ever,  rather  apt  to  give  some  trouble  through  the  wearing  of 
the  sharp  sands  on  any  metal,  and  for  this  reason  it  has  been 
found  advisable  not  to  regulate  them  with  a  valve.  There 
are  many  substitutes,  however,  and  the  usual  way  is  either 
to  use  a  nozzle  with  the  exact  opening  reouired,  which  has 
to  be  renewed  frequently,  or  insert  a  wooden  plug  with  a 
hole  bored  through  it. 

The  collection  of  these  concentrates  requires  no  further 
attention  than  occasionally  shifting  the  launder  leading  to 
the  tank  so  as  to  distribute  them  with  some  evenness  through- 
out the  tank;  for  the  rest,  there  are  no  slimes  to  clog  the 
leaching,  and  the  treatment  being  lengthy  the  same  care  is 
not  needed  as  in  the  case  of  the  sands. 

In  regard  to  the  treatment  of  these  concentrates,  the  only 
difference  between  this  and  that  required  for  sands  is  one 
of  time,  and  the  amount  of  solution  used,  which  is  a  matter 
of  experience  entirely,  and  probably  no  two  works  will  give 
exactlj'  the  same  treatment.  If  not  too  well  known  already,  a 
rough  outline  may  be  given  of  the  usual  practice  on  the 
Band. 

Generally  speaking,  where  double  treatment  is  used  it  is 
usual  to  first  pump  on  about  20  per  cent,  of  the  weight  of 
the  charge  (which  is  usually  400  tons),  that  is,  80  tons  of  weak 
solution ;  this  serves  the  double  purpose  of  taking  up  most  of 
the  cyanicides  present,  and  of  forming  a  buffer  between  the 
strong  solution  to  follow  and  the  water  held  in  the  sand  after 
draining;  by  this  means  the  dilution  by  capillary  attraction, 
«tc.,  is  partly  avoided. 
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This  solution  is  partly  drained  to  waste  to  avoid  an  excess 
stock  of  solution  in  the  sumps,  care  being  taken  in  discrim- 
inating when  this  solution  should  be  taken  into  the  general 
stock,  as  containing  sufficient  gold.  With  precipitation  up 
to  its  present  standard,  it  is  now  the  practice  to  send  none  of 
this  to  waste,  but  to  retain  it,  if  necessary  in  a  separate 
sump,  and  to  substitute  it  for  the  old  customary  water  wash 
at  the  end  of  the  treatment. 

When  all  this  solution  is  drained  off  as  dry  as  possible 
about  the  same  quantity  of  strong  (0.3  per  cent.)  is  pumped 
on,  and  also  allowed  to  drain  off;  a  vacuum  pump  being  em- 
ployed to  assist  this  leaching  in  the  upper  tanks,  as  there  the 
sand  is  packed  rather  hard,  and  a  little  such  assistance  is 
beneficial.  After  this  the  charge  is  ready  for  lowering.  Of 
course,  in  the  case  of  concentrates  the  treatment  is  more 
lengthy,  as  almost  half  the  total  treatment  is  performed  in 
the  upper  set  of  tanks,  whereas  in  a  plant  whefe  it  is  not 
considered  advisable  to  adopt  double  treatment  this  part  of 
tlie  operation  is  carried  out  in  the  lower  tanks. 

After  lowering,  another  80  tons  of  strong  solution  is 
pumped  on,  which  after  standing  for  a  time  is  drained  off;  this 
is  followed  by  a  similar  quantity  of  a  solution  of  medium 
strength  (about  0.25  per  cent.) ;  after  this  as  much  weak  solution 
is  put  on  as  time  will  allow,  and  if  the  stock  of  solution  in  the 
sumps  permits,  a  small  water  wash  finishes  the  operation. 

The  total  amount  of  solution  used  is  about  ton  for  ton 
of  sands  treated,  and  for  concentrates  about  3  tons  of  solu- 
tion per  ton  treated,  but  as  in  general  practice  it  is  found  that 
the  longer  the  treatment  the  higher  will  be  the  extraction 
(within  certain  limits,  of  course),  it  is  the  aim  of  every 
Cyanide  Manager  to  give  each  charge  all  the  treatment  that 
is  possible  with  the  plant  at  his  command. 

A  very  important  item  in  treatment  is  the  thorough 
draining  off  of  each  solution  before  adding  another,  the  bene- 
fit of  which  is  most  marked,  being  probably  due  to  the  con- 
tact of  air  drawn  in  for  one  thing,  and  also  because  it  is  a 
better  principle  in  the  after  washing.  It  certainly  takes  up 
some  of  the  time  for  treatment,  but  the  gain  is  far  greater 
than  by  putting  on  more  solution  in  the  same  time. 

The  rate  of  draining  off  the  solution  is  regulated  by  the 
capacity  of  the  precipitation  boxes,  which  are  usually  such  as 
to  allow  of  a  maximum  of  5  tons  an  hour  from  each  tank. 

The  solutions  are  classified  in  draining  through  the  pre- 
cipitation boxes,  and  tests  are  taken  frequently  to  ascertain 
the  percentage  of  cyanide  contained.  To  illustrate  this 
classification,  the  actual  practice  on  one  plant  is  to  send  all 
above  0.2  per  cent,  to  the  strong  storage  sump;  that  under 
this,  but  above  0.1  per  cent.,  goes  to  the  medium  sump,  while 
all  the  solution  under  0.1  per  cent,  is  either  sent  to  the 
weak,  or  divided   further    between    the    so-called    weak    and 
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vasce  fiiznp».  These  iigures  are  uoc  uc  ail  urbitniry,  ad  the 
practice  ^nil  «iLffier  on  the  rarious  pianrs  and.  accuniiug  to 
rlie  Qumre  of  rlie  :santis  treated:  cht?y  an?  mei-ely  given  to 
stow  rhe  merliiwl,  ror  airtual  eipt-Tieriot  aloue  will  Jeteruiiue 
rhe  iiit)#t  ailvanrage<jiii*  *ysreiu. 

Xlit?  aierho#i  ot  pnf<;ipi ration  of  ^Ad  tnjui  leaching  of 
S4!iiis  and  <MiaceiitTate!»  may  be  ta&en  a:>  being  well  known,  as 
it  ooQsisT.*  I  if  aimply  brinirinir  the  sc^lutlon  into  contact  with 
zuic  Ji  rhe  form  oi  shavLng^j,  this  form  being  adopted  for  the 
parp<):4e  of  exposing'  as  large  as  possible  a  surface  of  the  zinc 
ro  rhf  acrioa  of  rhe  solar  ion,  which  by  an  exchange  takes  up 
rhe  zine  in  solution  and  deposits  the  goUl  in  its  place.  There 
aK  a  few  p«jinrs.  however,  which  might  with  advantage  be 
n)iiriie«l  ;Lpt>a.  as  rhey  are  all  factors  oi  *ome  importance  in  the 
*!i.Qiplt*re  .^iicresfi*  of  rhe  operations. 

rasarisfactory  precipitation  is  attributable  to  two  causes: 

I'  The  presence  •)!  soluble  sulphides  in  the  solutions*  which 
may  be  due  either  to  the  impurities  in  the  cyanide  used  or  to  the 
de*:i>mp«)siTion  of  the  p\T:ites  in  the  rock.  This  is  counter* 
acted  by  rhe  usual  practice  of  contiuuously  dripping  in  a 
solution  of  lead  aoetate,  which  besides  taking  up  the  sulphides 
put*  a  coating  of  metallic  lead  on  the  zinc:  this  acts  as  a 
voltaic  couple,  and  so  materially  assists  the  deposition  of  the 
irold  in  some   instan^.^es. 

t2>  Excess  of  alkalinity,  which  may  be  either  lime  or 
caustic  soda.  In  reduction  works,  where  there  is  a  slimes 
plant,  eaustii^  S4xla  is  rarely  used,  as  it  militates  against  the 
vttlemenr  of  the  slimes.  In  i»ther  plants  it  is  Si>  me  times 
Uj*efl,  but  if  used  to  exi.-ess  the  precipitation  w-ill  sutfer.  In 
regard  to  lime,  the  addition  of  slimes  plants  has  created  a 
necessity  for  its  use  in  large  quantities,  and  by  S4.>me  misi'hauce 
it  may  happen  that  the  sands  an^l  concentrates  j?t*t  t^.K>  largt*  a 
proportion;  but  as  this  subject  is  discusstnl  later  when  dealiui? 
with  slimes,  no  more  need  be  said  at  prt^stMit.  The  detri- 
mental action  in  this  ease  is  to  form  a  protective  coating 
on  the  zine,  which  then  ceases  to  In*  active,  and  hence 
requires  treatment  with  acid.  This  trouble  will  of 
cnui-se  rectify  itself  in  time  if  the  cause  U.*'.,  the 
lime  feed)  be  removed,  but  it  may  Ih»  nioiv  ex^HMlitiously 
remedied  by  the  addition  of  acid  to  the  sumps;  lunvever, 
stress  should  be  laid  on  the  fact  that  the  t^peration  requiivs 
a  frreat  anifMUit  of  can*.  imuI  shouhl  only  K»  undertaken  in 
canes  of  actual  necessity. 

The  presence  of  organic  matter  will  also  cause  trouble 
with  precipitation.  A  certain  am4>unt  of  this  will  always  W 
found,  mainly  due  to  the  fact  that  the  water  supply  is  prac- 
tically all  surface  drainage,  and  also  in  the  mines  theiv  is 
fref(uentlv  a  cleaning  up  of  an  old  stope  or  a  sump,  which  is 
«*nt  to  the  mill,  and  is  always  the  cause  oi  at  least  some 
temporary  trouble 
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It  is,  of  course,  assumed  that  all  the  solutions  contain 
some  free  cyanide,  which  is  necessary  for  precipitation. 
There  is  an  exception  in  the  case  of  the  first  solution  drain- 
ing off  the  tanks,  but  this  is  either  mixed  with  other  weak 
ones  and  so  rectified,  or  else  it  may  be  treated  separately  by 
other  well-known  methods,  which  are  noticed  later. 

Slirnes. — Before  proceeding  to  give  details  of  the  present-^ 
day  method  of  treating  slimes,  it  may  be  well  to  note  that 
there  are  many  adTantages  accruing  from  the  treatment  of 
slimes  beyond  their  conversion  from  a  waste  product  to  a 
source  of  profit.  These  may  be  termed  the  indirect  advan- 
tages on  account  of  their  being  absent  from  the  profit  accounts 
of  the  mine,  and  in  consequence  are  therefore  apt  to  be  over- 
looked. 

A  good  deal  might  be  written  on  the  subject,  but  for  the 
purpose  of  this  necessarily  curtailed  paper  it  will  be  sufficient 
to  summarise  as  follows :  — 

1.  A  great  saving  of  water  is  effected,  as  by  the  use  of 
lime  the  water  can  be  at  once  returned  to  the  mill,  whereas  for- 
merly the  slimes  had  to  be  settled  in  large  dams,  thus  affording 
an  enormous  area  for  evaporation.  Tliis  saving  in  water 
amounts  to  not  less  than  40  per  cent.,  a  number  actually  com- 
puted from  figures  kept  specially  for  this  purpose  :  this  is  of 
the  greatest  importance  in  a  district  like  tlie  Band,  where  the 
supply  is  limited. 

2.  The  alkaline  water  returned  to  the  mill  has  been  proved 
to  increase  the  percentage  of  gold  caught  by  amalgamation 
by  as  much  as  from  5  to  8  per  cent.,  and  it  should  be  borne 
in  mind  in  referring  to  this  that  every  ounce  caught  in  the 
mill  is  100  per  cent.,  whereas  if  it  leaves  the  mill  in  the 
tailings  an  extraction  of  80  per  cent,  is  considered  satisfac- 
tory. 

3.  The  cost  of  building  dams  to  hold  the  untreated  slimes 
has  disappeared  from  the  mill  expenses,  to  which  it  was 
formerly  charged,  being  now  included  in  the  cost  of  slimes 
treatment. 

4.  The  sands  and  spitzkasten  concentrates  being  in  an 
alkaline  state  need  no  preparatory  washes,  thus  there  is  more 
time  for  leaching  in  the  same  plant:  this  is  naturally  accom- 
panied by  a  saving  of  cyanide  and  an  increase  in  gold 
extraction. 

5.  There  is  a  larger  percentage  of  actual  sands  caught 
in  the  leaching  plant,  and  in  addition  a  more  leachable  pro- 
duct is  obtained:  this  is  due  to  the  fact  that  the  presence 
of  sands  is  detrimental  to  slimes  treatment,  and  while  it  may 
have  been  run  off  into  a  dam  unnoticed,  it  is  not  so  in  a  slimes 
plant,  where  steps  are  at  once  taken  to  rectify  it. 

The  foregoing  will  be  better  appreciated  when  it  is 
stated  that  whereas  in  some  cases  the  direct  profits  from  a 
slimes  plant  have  only  figured  as  a  matter  of,  say,  £100  per 
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month,  the  indirect  profits  have  been  computed  to  run  into 
some  four  to  seven  times  this  amount. 

In  the  treatment  of  slimes  the  first  thing  to  be  considered 
is  the  proper  separation  of  the  slimes  from  the  leachable 
sands.  With  a  slimes  plant  in  operation  it  is  no  longer 
necessary  or  advisable  to  try  to  obtain  a  higher  percentage 
of  the  pulp  leaving  the  mill  in  the  collecting  tanks,  as  with 
the  more  perfect  elimination  of  the  non-leachable  slimes, 
much  higher  extraction  results  can  be  obtained.  It  is  there- 
fore now  the  practice  to  reverse  this,  and  only  stop  short  of 
getting  sands  into  the  slimes  plant;  to  this  end  the  slat  gates 
are  kept  very  low,  and  the  hose  filling  pipes  are  opened  out 
to  obtain  a  force  to  wash  out  slimes  that  would  otherwise 
settle  in  the  collecting  tanks.  From  this  it  follows  that  the 
return  spitzkasten  is  run  up  to  its  full  capacity,  and  in  some 
cases  it  has  been  found  advisable  to  increase  their  extent. 

The  settlement  of  the  slimes  is  effected  by  adding  lime 
to  the  pulp  leaving  the  mill.  It  is  not  intended  here  to  enter 
into  any  theory  to  account  for  this  phenomenon,  and  I  shall 
content  myself  with  the  mere  statement  that  the  slimes  will 
settle  in  any  water  that  has  a  certain  degree  of  hardness, 
whether  it  be  caused  by  acidity  or  alkalinity. 

There  are  three  means  adopted  of  rendering  the  mill 
water  hard  by  the  addition  of  lime,  which  are  as  follows :  — 

1.  Adding  it  to  the  rock  before  crushing. 

2.  Adding  it  to  the  launder  leaving  the  mill  by  means 
of  an  automatic  mechanical  feed. 

3.  AddinjJT  it  in  the  form  of  milk  of  lime  to  the  launder. 
This  addition  of  lime  is  quite  an    important    matter,    as 

will  be  seen,  and  there  is  a  good  deal  to  be  said  in  favour  of 
each  method.  The  first  is  certainly  the  simplest,  as  it  usually 
takes  the  form  of  adding  the  necessary  amount  to  each  truck 
iSToing  to  the  mill,  or  periodically  adding  a  certain  quantity 
to  the  chutes  above  the  feeders  in  the  mill.  The  drawbacks 
to  this  method  are  in  the  first  place  that  the  mill  manager  in 
some  cases  objects  to  it  on  the  debateable  ground  that  it 
affects  tlie  mill  plates,  and  in  consequence  the  percentage  ob- 
tained by  amalgamation,  against  which,  however,  we  have  the 
authority  of  others  that  it  is  beneficial.  Beyond  this,  how- 
ever, if  the  acidity  of  the  rock  being  milled  varies  very 
much,  as  is  frequently  the  case,  the  regulation  of  the  amount 
to  be  added  becomes  rather  difficult  and  auxiliarv  feeds  be- 
pome  necessarv. 

For  the  second  method,  using  an  automatic  feed,  which 
is  the  one  more  generally  adopted,  many  contrivances  have  been 
used  which  are  far  too  numerous  to  mention,  the  purpose  of  each 
being  the  same — viz..  to  deliver  a  continuous  stream  of  finely- 
irround  lime  into  the  launder,  a  minimum  of  attention 
being  required. 

The  quantity  of  lime  to  be  added  will  vary  according  to 


44  JUkpokt— 1904. 

the  standard  necessary  to  maintain  to  ensure  settlement^ 
which  is  usually  about  0.01  per  cent,  of  alkali,  as  expressed 
in  terms  of  caustic  soda  for  mill-water,  and  about  double  this 
for  the  solutions.  The  variation  of  the  standards  on  the 
different  mines  is  due  to  either  the  nature  of  the  slimes  them- 
selves or  the  varying  settling  capacity  of  the  plants,  or  both. 
On  one  mine  the  slimes  will  settle  in  the  ordinary  water^ 
the  probable  cause  being  the  mine  water,  which  is  very  acid, 
and  that  they  are  already  in  a  coagulated  condition,  and  «d 
settle  readily:  while  on  another  mine  where  the  settling  capa- 
city is  limited  it  is  necessary  to  maintain  the  mill  water  at  a 
very  high  point  of  alkalinity.  From  this  it  will  be  seen  that 
no  rule  can  really  be  laid  down  in  the  matter. 

Tests  are  made  at  frequent  intervals  of  the  alkalinity  of 
both  the  water  and  the  solution,  to  prevent  loss  of  time,  etc., 
through  non-settlement. 

In  filling  the  collecting  tanks  the  slime  pulp  is  in  some 
cases  passed  over  a  spitzkasten  to  eliminate  the  major  portion 
of  the  water,  but  in  others  it  is  led  direct  to  the  collecting 
tanks,  which  in  this  case  are  fitted  with  overflow  rims  and 
launders  round  the  top  of  the  tanks:  these  are  connected  with 
piping,  which  convevs  the  clear  water  to  either  the  dam  or 
the  pump  direct.  The  launders  conveying  the  pulp  to  the 
collecting  tanks  usually  terminate  in  a  vertical  cnute  in  the 
centre  of  the  tank,  the  end  being  two  or  three  inches  below 
the  level  of  the  overflow;  this  is  found  to  give  the  best  re- 
sults in  preventing  the  slimes  from  overflowing  with  the  water 
towards  the  end  of  the  filling  of  the  charge,  as  it  causes  a 
minimum  of  disturbance. 

When  the  tank  has  received  its  charge  (usually  a  quarter 
of  its  depth)  the  pulp  stream  is  turned  into  another 
tank  and  the  full  one  allowed  to  settle,  when  the  water 
is  decanted  off,  and  the  charge,  is  ready  for  treatment.  Here 
it  may  be  well  to  mention  that  the  last  stage  of  settlement 
is  marked  by  a  peculiar  apjjearance  on  the  surface  of  the 
settled  slimes,  as  of  a  series  of  small  eruptions,  which  act  as 
a  guide  in  determininif  when  it  is  ready  for  further  operations. 

The  operations  incurnMl  in  slimes  treatment  consist  of 
first  g^^tting  the  gold  into  solution,  and  subsequently  washing 
the  s(»lution  out  of  the  slimes.  These  are  effected  by  a  series 
of  transfers,  the  numlnu*  of  which  is  determined  by  the 
rirhnoss  of  the  material  tivated.  For  all  ordinary  cases 
wliore  the  slin\es  assay  under  '\  dwts.  ner  ton,  two  transfers  be- 
foiv  sendinir  away  as  ivsidiies  an*  sufficient  to  give  an  extrac- 
tion of,  say,  75  |hm*  cent,  from  onlinary  clean  current  slimes; 
if  the  value  1h*  al>ove  this,  it  may  W  found  advisable  and  T>»y- 
able  to  give  a  third   treatment. 

The  operation  of  transferring  is  carried  out  in  the  follow- 
ing manner :  -  - 

A  hos<*  with  noxzle  is  atta<*hed  to  the  solution  service,  and 
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the  nozzle  end  is  placed  in  the  discharge  hole  in  the  bottom 
o£  the  tank,  the  suction  of  the  solution  pump  is  opened  to 
take  solution  from  wherever  desired,  and  the  pump  started; 
at  the  same  time  the  discharge  service  is  opened  up  into  the 
sludge  pump,  the  delivery  of  which  is  opened  on  to  that  particu- 
lar tank  to  which  it  is  desired  to  transfer.  The  primary'  object 
in  putting  the  nozzle  right  in  the  hole  is  to  thin  down  the 
kludge  so  as  not  to  block  up  the  pipes,  and  the  solution 
should  be  started  so  as  to  avoid  a  rush  of  the  sludge  into 
the  discharge  pipe;  all  the  connections  are  made  so  as  to 
allow  of  the  two  pumps  to  take  solution  or  sludge  from 
wherever  desired,  and  in  the  case  of  the  solution  it  may  be 
either  taken  from  the  sumps  or  from  any  of  the  tanks  that 
bave  been  settled,  if  it  is  part  of  the  treatment.  There  is  no 
particular  difficulty  in  this  operation,  though  it  is  rather 
difficult  to  make  tlie  matter  clear  in  writing.  Sometimes 
there  is  a  little  difficulty  in  getting  it  started  if  there  has  been 
any  carelessness  beforehand,  and  the  pipes  are  at  all  blocked 
with  sludge  from  a  previous  operation,  or  if  the  valve  has  not 
been  properljr  closed,  but  this  is  remedied  by  an  arrangement 
by  which  it  is  possible  to  pump  solution  through  the  sludge 
pump  and  up  the  discharge  pipe.  Once  started,  and  the  solu- 
tion regulated,  which  is  purely  a  matter  of  experience,  the 
operation  will  go  on  with  very  little  attention  until  nearly 
the  whole  of  the  tank  is  transferred,  then  the  hose  is  lifted, 
and  the  balance  can  be  washed  down  clean  by  the  force  of  the 
jet  issuing  from  the  nozzle.  When  this  is  completed  the  suc- 
tion of  the  sludge  pump  is  closed  off  from  that  tank  and 
•opened  on  to  the  tank  to  which  the  charge  has  been  trans- 
ferred, by  which  means  it  is  circulated  by  being  drawn  off  at 
the  bottom  and  delivered  in  again  at  the  top.  This  circulation 
is  kept  up  for  as  long  as  may  be  convenient  or  necessary 
according  to  the  requirements  of  the  treatment,  generally 
about  two  hours. 

The  primary  object  in  this  operation  is  to  get  the  slimes 
into  contact  with  as  much  solution  as  possible,  whether  it  be 
performed  with  the  object  of  dissolving  the  gold  or  washing 
it  out;  for  this  reason  it  is  found  advisable  to  pump  a  quan- 
tity of  solution  into  the  tank  to  which  transfer  is  to  be  made 
before  pumping  in  any  sludge.  If  circumstances  warrant  it, 
the  whole  of  the  solution  can  be  first  put  in  and  drawn  off 
through  the  decanter  service  for  use  through  the  solution 
pump  to  the  hose  in  transferring  a  charge.  In  any  case  this 
should  generally  have  to  be  done  towards  the  finish  of  the 
transfer,  so  as  to  have  the  sludge  thinned  down  as  far  as  pos- 
sible by  using  as  much  solution  in  ratio  to  settled  slimes  as 
possible. 

Ordinarily  the  solution  contains  sufficient  oxjgen  to  per- 
form its  part  in  the  dissolving  of  gold  during  its  passage 
through  the  pump  and  subsequent    circulation,    but    as    the 
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sludge  18  generally  well  charged  with  sulphides,  organic  mat- 
ter,  or  other  compounds  that  require  oxidation,  it  has  been 
found  advisable  to  use  additional  air  in  the  pumps.  Caldecott 
used  perforated  pipes  in  the  tanks  for  this  purpose,  which 
Durant  improved  by  using  a  snifter  valve,  bringing  it  into 
operation  by  partially  closing  a  valve  on  the  suction  pipe,  but 
this  was  found  to  detract  from  the  efficiency  of  the  pump,  and 
so  a  jet  of  compressed  air  in  the  delivery  pipe  has  been  sub- 
stituted in  most  of  the  plants  with  benefit,  and  found  to  accel- 
erate the  solution  of  the  gold  very  considerably  and  to  sweeten 
the  solution  efficiently.  This  auxiliary  is  not  always  neces- 
sary, but  its  continuous  use  is  of  little  cost,  and  is  often  in- 
dispensable, while  there  is  no  easy  means  at  present  of  first 
determining  whether  or  how  much  oxidation  is  required. 

After  circulation,  the  charge  is  allowed  to  settle  and  the 
solution  decanted  off,  and  as  the  subsequent  washing  is  a  matter 
of  dilution  only,  the  solution  should  be  drained  off  as  com- 
pletely as  possible.  In  actual  practice  it  is  useful  to  take  off 
the  last  inch  or  so  with  the  pump  and  put  it  into  another  tank, 
by  which  means  it  is  possible  to  take  off  a  good  deal  more 
than  would  otherwise  be  the  case,  and  as  this  last  portion  is  a 
fairly  thick  sludge,  the  filters  would  be  clogged  up  very 
quicldy. 

The  second  treatment  of  the  slimes  being  merely  a  wash 
by  dilution,  is  performed  in  exactly  the  same  way  as  the  first 
treatment,  as  is  also  the  final  discharge  to  the  residue  dam, 
except  that  in  the  latter  case  it  is  not  essential  to  study  the 
thinning  down  of  the  sludge,  which  operation  is  performed  with 
as  little  water  as  can  be  used  in  the  pump,  the  main  object 
being  to  get  it  out  quickly. 

The  general  arrangement  of  the  whole  treatment  will,  of 
course,  differ  in  various  works,  but  the  usual  plan  is  to  send  all 
solutions  from  the  first  treatment  to  the  filters,  which  also  act 
as  a  storage  and  allow  of  a  regular  stream  to  be  passed  through 
the  precipitation  boxes  to  the  sumps;  this  same  sump  solution 
is  used  to  transfer  the  settled  and  decanted  charge  to  the  second 
treatment  tanks,  and  thus  becomes  second  treatment  solution; 
this  is  again  used  direct  from  the  tank  to  transfer  the  un- 
treated slimes  in  the  collecting  tanks  to  the  first  treatment 
tanks,  and  when  settled  it  is  decanted  to  the  filters.  Thus,  to 
recapitulate,  from  the  first  row  of  collecting  tanks  it  is  trans- 
ferred to  the  first  treatment  row  with  second  treatment  solu- 
tion (derantings  called  first  treatment  solution).  From  here  it 
is  transferred  to  the  second  treatment  row  with  sump  solution 
(decant ings  called  second  solution,  and  used  for  the  transfer  of 
the  untreated  charge  to  the  first  treatment  row).  From  he)re 
it  is  sent  to  the  residue  dam  with  water. 

This  scheme  is  generally  used  for  the  treatment  of  the 
poorer  slimes;  it  also  has  the  advantage  of  making  less  solu- 
tion pass  through  the  filters  and  precipitation  boxes;  it  thus 
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effects  a  small  eaviug  iu  plant,  but  It  haa  the  d  lead  vantage  of 
elightl.v  t'niiL'liiiig  the  solution  left  in  the  residues  before  send- 
ing tbeui  to  tho  dam,  mo  that  in  otbar  plants  where  the  alinje* 
are  rii-hfr.  thy  ilet-antiugs  from  both  ticatmenta  are  best  sent  to 
thu  fillers,  und  sump  tiolutiou  used  in  all  cases  for  transfer- 
ing;  this  will  have  tbe  effect  of  producing  a  slightly  Ligber 
percentage'  of  extraction.  For  mucb  licher  slimes  the  number 
of  washings  can  be  extended  to  anj-  degree  that  is  found  pay- 
able Iu  do  so.  and  in  direct  ratio  will  effect  tbe  extraction  pro- 
vided that  the  complete  solution  of  the  gold  is  effected  in  tbe 
first  treatment. 

All  solulions  going  to  tbe  precipitation  boxes  are  first 
passed  through  tbe  filter  vats;  tuese  are  simply  steel  tanks 
fitted  with  a  filter  mat  similar  to  the  leaching  tanks,  except 
that  iu  tbese  I  he  distance  underneath  is  very  much  greater^ 
and  that  thi'y  have  about  two  or  three  feet  of  clean  sand  placed 
upon  it  tu  arrest  all  solid  matter.  This  has  been  found  to  be  a 
necessary  oj>eration,  as  otherwise  there  would  be  a  large  de- 
posit of  practically  worthless  matter  in  the  precipitation  boxes, 
Tliis  would  primarily  form  a  coating  on  the  zinc,  and  so  act 
detrimentally  to  its  efficiency,  besides  adding  largely  to  the 
amount  tu  be  smelted  subsequent  to  the  clean-up,  and  thus 
causing  an  extra  expenditure  iu  fuel  ami  fluxes  in  that  opera- 
lion.  It  is  found  advisable  to  clean  out  these  filters,  say 
every  month,  which  simply  means  that  the  filter  is  drained  dry 

fjrior  to  avraping  away  the  accumulation  of  niuil  that  has  col- 
ficted  on  the  surface  of  the  sand. 

The  prei^ipitation  of  gold  from  slimes  solution  is  simple 
enough,  ami  consists  of  using  zinc  shavings  in  tbe  usual  form 
of  box.  Two  moditicatious  of  the  system  used  for  sands  and 
concentrates  solution  are,  however,  necessary,  namely:  — 

1.  Coating  the  shavings  with  metallic  lead  by  dipping 
them  into  lead  acetate  solution. 

2.  Adding  a  stream  of  frcab  cyanide  solution  to  the  box 
while  it  is  iu  operation. 

The  details  of  the  process,  however,  require  some  care  and 
attention,  for  haphazard  work  and  a  want  of  experience  and 
knowledge  of  llie  necessary  conditions  will  be  followed  by  poor 
rsaults,  as  actually  happened  on  some  of  the  plants,  when  first 
tried. 

The  first  detail  to  be  considered  will  be  the  starting  of 
the  box.  which  may  be  for  moat  purposes  of  the  same  con- 
struction as  that  ordinarily  used.  This  is,  of  course,  first 
cleaned  nut  and  tbe  screen  supports  placed  in  position. 

A  bath  of  load  acetate  solution  is  made  up  in  a  vessel  such 
ss  a  shallow  tub.  which  will  allow  of  the  easy  handling  of  the 
sine  shavings.  Tho  strength  of  this  solution  should  be  about 
2  per  ci'iit.,  hut  this  is  nut  very  material,  as  each  raan  will 
evpoliiHlly  nd'ipt  bis  own  way  of  arranging  such  details;  but  as 
a  matter  of  information  it  may  be  said  that  if  the  solution  be 
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much  weaker  the  operation  of  coating  the  zinc  will  take  up  a 
longer  time,  whereas  on  the  other  hand,  if  used  much  stronger 
the  coating  will  be  more  rapid,  but  there  is  a  liability  for  the 
deposit  to  be  in  excess,  and  take  a  nebulous  form,  which  is 
easily  detached.  This,  apart  from  a  waste  of  acetate  of  lead, 
should  be  avoided,  as  a  thin,  hard  coating  is  found  to  act  best 
and  last  the  longest  in  the  box.  As  the  bath  becomes  weakened 
by  each  successive  coating  of  fresh  shavings,  it  will  require 
the  addition  of  more  lead  acetate  to  maintain  the  standard 
adopted. 

This  coated  zinc  is  carefully  and  lightly  packed  in  the 
compartments  of  the  box  with  due  regard  to  the  avoidance  of 
channelling,  and  as  each  compartment  is  filled  the  solution  is 
turned  into  the  box  to  avoid  exposing  the  zinc  to  the  air  for 
too  long  a  time ;  the  reason  for  tnis  is  that  the  zinc  so  exposed 
becomes  heated  and  rapidly  oxidises,  and  therefore  deterior- 
ates; this  is  probably  through  the  electrolysis  of  the  moisture 
adhering  to  the  shavings. 

The  period  of  efficiency  of  this  process  is  limited.  In  some 
instances  an  efficiency  of  over  90  per  cent,  has  been  maintained 
for  30  days :  this  is,  however,  unusual,  but  there  is  no  difficulty 
in  maintaining  it  for  fully  half  this  period.  In  a  general  way, 
however,  cyanide  works  are  cleaned  up  every  10  days,  and  it  is 
found  convenient  to  transfer  all  the  zinc  to  the  sands  precipi- 
tation boxes  to  replace  that  which  has  been  decomposed,  and 
to  use  fresh  coated  zinc  for  the  slimes  precipitation. 

So  far  as  is  at  present  known,  the  conditions  which  in- 
fluence the  precipitation  exist  in  the  solutions  or  the  physical 
condition  of  the  zinc;  usually  the  one  governs  the  other.  The 
exceptions  are  as  before  mentioned  in  regard  to  channelling 
and  unsuitable  coating  of  the  zinc,  to  which  might  be  added 
too  large  a  stream  in  ratio  to  the  amount  of  zinc ;  this,  roughly 
stated,  should  be  in  the  proportion  of  one  ton  of  solution  per 
hour  for  every  100  lbs.  of  zinc  present.  In  some  cases  less 
than  this  will  work  well,  and  in  others  more  will  be  required, 
but  not  to  any  great  extent. 

The  foregoing  can  only  be  given  as  an  outline  of  the  pro- 
cess of  the  treatment  of  slimes,  as  the  actual  practice  will 
depend  so  much  upon  the  existing  conditions,  and  modifica- 
tions will  have  to  be  made  accordingly,  as,  for  instance,  in  the 
degree  to  which  it  is  found  payable  to  prolong  the  treatment, 
or  the  presence  of  deleterious  matter  in  the  material  treated. 
Finally,  it  may  be  said  that  the  profits  of  slimes  plants  depend 
a  good  deal  upon  the  magnitude  of  their  operations,  and  there- 
fore inattention  to  details  results  in  proportionate  losses. 

The  slimes  when  treated  have  to  be  disposed  of,  and  this 
subject,  though  of  great  importance  in  the  future,  is  hardly  a 
fit  subject  for  the  present  treatise.  Owing  to  their  being  in 
the  form  of  a  thin  sludge,  they  are  at  present  pumped  into  dams, 
the  construction  and  up-keep  of  which  form  a  very  important 
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item  of  the  costs.  Experiments  are  being  made  to  ascertain 
what  will  ultimately  be  the  cheapest  system  to  be  adopted,  as 
is  also  the  subject  of  recovering  the  gold  from  the  water  with 
which  it  is  pumped  out  of  the  tanks;  this,  acting  as  an  extra 
wash,  will  often  contain  as  much  as  from  4  to  6  grains  per 
ton,  but  so  far  the  experiments  have  reached  no  conclusive 
stage. 

The  process  of  cleaning  up  and  recovering  the  gold  has 
been  much  modified  of  late  by  the  adoption  of  acid  treatment, 
filter-presses,  and  the  use  of  clay-lined  crucibles  in  reverbera- 
tory  furnaces,  and  latest  of  all  the  process  known  as  the 
Tavener  method,  which  consists  of  melting  with  litharge  and  a 
reducing  agent,  thus  getting  the  gold  into  lead,  which  is 
afterwards  cupelled,  giving  a  bullion  which  is  practically  pure 
gold  and  silver. 

The  systems  adopted  on  the  different  plants  are  various, 
and  would,  if  given  in  detail,  entail  too  much  explanation;  it 
is  therefore  proposed  to  give  merely  an  outline  of  one  of  the 
most  modern. 

The  strong  solution  boxes  are  first  taken  in  hand,  the  flow 
stopped,  and  some  of  the  solution  syphoned  off.  All  the  zinc 
in  the  top  compartments  is  usually  decomposed  and  unfit  for 
further  use ;  it  is  therefore  taken  at  once  to  the  acid  tub.  The 
cyanide  manager  generally  uses  his  discretion  as  to  what  zinc 
is  returned  to  the  boxes  or  sent  to  the  acid  tubs,  being  guided 
throughout  the  plant  by  the  appearance  of  the  zinc  in  the 
matter  of  richness  or  suitability  for  further  use.  The  filter 
press  having  been  prepared  wuth  a  suitable  number  of  leaves 
or  frames,  is  started,  and  the  suction  hose  put  in  to  drain  the 
balance  of  the  solution,  whilst  the  next  compartment  is  simi- 
larly treated.  When  as  much  as  is  possible  has  been  pumped 
•out,  the  suction  hose  is  transferred  to  the  next  compartment, 
and  the  solid  matter  at  the  bottom  of  the  compartment  is  either 
baled  or  shovelled  out  and  sent  to  the  acid  tub,  being  finally 
sponged  out  clean.  By  this  means,  when  the  lower  compart- 
ments are  reached  a  place  will  be  ready  for  the  zinc,  which  has 
to  be  returned. 

All  the  boxes  are  proceeded  with  in  like  manner,  the  re- 
turned zinc  being  placed  in  whichever  box  is  convenient; 
usually  that  from  the  medium  goes  to  the  strong,  and  that  from 
the  weak  to  the  medium,  while  that  from  the  slimes  plant 
goes  to  the  weak.  Fresh  zinc  is  supplied  to  fill  up  the  whole 
plant  where  needed. 

When  this  operation  is  finished  the  filter  press  is  also 
emptied  into  the  acid  tub,  which  will  then  contain  the  whole 
of  the  clean-up. 

These  acid  tubs  should  have  had  acid  and  water  in  pre- 
viously, so  that  when  the  clean-up  is  put  in,  the  action  of  dis- 
solving out  the  zinc  commences  at  once,  and  no  time  is  lost; 
■fresh  acid  is  added  from  time  to  time    as   necessary,    and    the 
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whole  stirred  up,  cautiously  at  first  to  avoid  bubbling  over,  and 
very  thoroughly  at  the  end  to  ensure  all  the  zinc  being  dis- 
solved. After  settling,  the  clear  liquor  is  decanted  off  through 
plug  holes  in  the  side  of  the  tub  into  the  lower  one,  and  again 
filled  up,  this  time  with  hot  water,  being  again  thoroughly 
stirred.  This  is  repeated  several  times  to  wash  out  all  the 
soluble  salts.  These  washings  are  drawn  off  through  the  filter 
press,  which  is  again  rigged  up  with  the  necessary  number  of 
leaves,  and  when  the  washing  is  complete,  all  the  gold  slimea 
are  washed  into  the  lower  tub,  now  empty,  and  carefully  drawn 
off  into  the  filter  press,  being  stirred  up  the  while  with  suffi- 
cient water  to  form  a  thin  mud  so  that  the  press  is  filled  evenly. 
When  all  is  in  the  press  it  receives  a  final  washing,  and  then 
the  pump  is  continued  on  air  for  some  time  to  dry  as  much  as. 
possible. 

If  the  right  number  of  leaves  has  been  used  the  result- 
ing cakes  of  gold  slimes  should  be  comparatively  dry  and  hard,, 
and  so  easy  to  handle. 

These  cakes  are  placed  in  iron  trays  fitting  into  the  dry- 
ing furnace,  and  broken  up  slightly  to  facilitate  this.  With 
the  use  of  clay-lined  crucibles  it  is  not  necessarj^  to  roast,, 
though  by  so  doing  the  resulting  bullion  is  a  little  finer. 

The  dry  slime  is  broken  up  fairlv  small  and  mixed  with 
flux  for  smelting.  The  constituents  oi  this  flux  will  vary,  but 
generally  it  may  be  said  thai  for  every  hundred  pounds  of  dried 
slimes  the  proportions  will  be :  Anhydrous  silicate  of  soda^ 
40  lbs. :  fused  borax,  40  lbs. ;  and  peroxide  of  manganese,  7  lbs.; 
the  latter  is  tlie  most  varying  element,  being  used  to  oxidise- 
the  leiul,  etc.,  present. 

On  m(»st  of  the  larger  works  a  reverberatory  furnace  i» 
used  for  smelting,  owing  to  the  large  nature  of  the  operations, 
besides  which  it  is  cheaper  in  fuel  and  fluxes.  Each  charge 
takes  about  two  hours  in  the  furnace,  the  pots  are  handled 
rapidly  and  poured  into  one  common  mould,  one  on  top  of  the 
other:  a  launder  at  the  top  of  the  mould  conveys  the  major 
portion  of  the  slag  outside  the  building,  where  it  falls  inta 
water,  and,  becoming  granulated,  saves  time  in  the  subsequent 
grinding  up  to  recover  the  fine  beads  held  in  the  slag  in  sus- 
pensicm.  The  advantage  of  this  system,  besides  cheaper  and 
(juirker  working  than  the  old  Cornish  furnace,  is  the  easier 
handling,  witli  less  lieat  and  discomfort  to  the  workmen, 
while  a  greater  heat  is  obtainable  in  the  furnace,  which  renders 
the  slag  nnuv  fluid,  and  by  pouring  one  cliarge  on  top  of  the 
other,  beads  lield  in  suspension  are  carried  down,  and  the  slairs 
procured  are  far  less  in  value  than  by  the  old  method.  The 
resulting  bnllicm  is  finer  also,  and  commands  a  higher  price 
by  the  use  of  the  oxidising  flux  in  the  clay-lined  crucible. 

It  is  a  source  of  great  satisfaction  to  the  metallurgists  of 
the  Kand  that  slimes  of  2  dwts.  in  value  are  successfully 
tivated  at  a  profit  of  over  4s.  per  ton.     This  has  been  accom- 
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plished  bv  the  joint  labour  of  the  engineer,  and  the  chemist 
and  metallurgist,  and  last  but  not  least  the  courage  of  the 
capitalist,  who  has  not  hesitated  to  put  a  half-a-million  of 
money  to  develop  a  mine  with  the  necessary  surface  equipment 
before  the  first  ounce  of  gold  can  be  obtained.  Incidentally 
I  may  mention  that  one  of  the  last  slimes  plants  that  have 
been  erected  cost  nearly  £40,000,  but  as  a  profit  of  about 
£3,000  per  month  has  been  obtained,  you  will  agree  that  it  is  a 
very  good  investment. 

I  trust  that  these  few  remarks  will  be  of  some  assistance 
to  you  during  your  forthcoming  visit  to  the  mines,  when  you 
will  see  the  whole  of  the  process  in  active  operation. 


3.  THE  CYANIDE  PROCESS    FROM   THE  STANDPOINT  OF 

MODERN    CHEMISTRY. 

By  James  Moik,  D.Sc,  M.A.,  F.C.S.  . 

Although  it  is  now  seventeen  years  since  Arrhenius  first 
promulgated  the  ionic  theory,  it  is  only  within  the  last  half-dozen 
years  that  it  has  made  progress  towards  universal  acceptance  among 
chemists  and  physicists.  The  chief  cause  of  the  opposition — both 
scientific  and  unreasoning — with  which  it  has  met,  is  the  difficulty  of 
clearly  conceiving  its  fundamental  idea,  viz.,  that  elements  carrying 
opposite  electric  charges  (such  as  sodium  and  chlorine)  can  exist  side 
by  side  in  solutions,  being  kept  apart  merely  by  being  admixed  with  a 
large  excess  of  neutral  molecules  of  high  dielectric-constant  such  as 
water.  This  difficulty  is  a  real  one,  and  it  is  only  by  dint  of  the 
general  impression  of  neatness  and  consistency  which  is  produced  by 
the  explanations  founded  on  the  ionic  theory,  that  the  theory  itself  has 
now  reached  the  position  of  holding  sway  over  the  whole  domain  of 
inorganic  chemistry — at  least  as  a  reliable  working  hypothesis,  which 
fits  together  into  one  system  a  number  of  facts  which  would  otherwise 
remain  discrete  and  inexplicable. 

With  regard  to  the  theory  itself,  it  will  be  unnecessary  for  me  to 
say  much  in  the  way  of  description,  especially  on  the  mathematical  side, 
since  that  has  already  been  done  in  this  country  by  Professor  v. 
Oettingen,  and  is  readily  available  in  the  pages  of  the  Journal  of  the 
Chemical  and  Metallurgical  Society  for  1899.  As  the  Professor,  how- 
ever, confined  himself  to  the  theoretical  side  of  the  question,  I  have 
thought  that  it  might  be  serviceable  to  apply  the  theory  to  the  practical 
subject  of  the  cyanide  process  of  gold  extraction,  especially  as  I  find 
that  it  throws  light  on  a  variety  of  phenomena  which  are  otherwise 
puzzling. 

The  ionic  theory  (or  theory  of  electroWtic  dissociation)  has  been 
invented  to  explain  the  following  sets  of  facts  : — 

(1)  Solutions  of  salts,  dilute  acids  and  dilute  bases  behave  towards 
reasjents  as  if  thev  were  mixtures,  whereas  the  other  classes  of  soluble 
substances  do  not.  Thus  a  solution  of  common  salt  gives  a  precipitate 
of  silver  chloride  when  added  to  silver  nitrate  solution,  whereas  a 
solution  of  sodium  chloracetate  does  not,  although  it  contains  chlorine 
also.  This  must  mean  that  the  chlorine  of  a  salt  solution  is  isolated  or 
separate  from  the  other  substances  present,  and  free  to  react  with 
silver,  whereas  in  the  chloracetate,  it  is  bound  up  with  part  of  the 
molecule  and  cannot  he  got  at  by  the  silver.  Salt  solution  contains 
Na  and  CV  ions,*  but  the  chloracetate  gives  only  Na*  and  CH.^  Cl 
COO'  ions,  and  no  Cr  ions. 

Similarly  K  Cl  0*  solution  contains  onlv  K*  and  CIO,'  ions  and 
no  cr  ions  and  therefore  is  not  precipitated  by  silver  nitrate.  Again 
all  ordinary  silver  salts  are  precipitated  by  chlorides,  but  K  Ag  Cvg  is 
not,  because  it  contains  pi*actically  no  Ag*  ions,  only  K*  and 
Ag  Cy./  ions.      To   take   another   example,   if   we    make   equivalent 
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solutions  of  all  the  soluble  permanganates  they  look  exactly  alike 
to  the  eye  and  through  the  spectroscope.  This  means  that  they 
all  contain  the  same  free,  coloured  ions  Mn  0/  in  the  same  amount 
(though  the  amounts  of  metal  present  vary  according  to  their 
atomic  weights).  Similarly  the  ultra-violet  spectra  of  all  the  nitrates 
(in  equivalent  solution)  show  a  series  of  bands  identical  in  each  case, 
caused  by  the  free  NO.,'  ion. 

In  the  second  place,  all  dilute  acids  have  certain  properties  in 
common,  viz.,  sour  taste,  power  of  reddening  litmus,  and  liberating 
hydrogen  when  treated  with  such  metals  as  magnesium.  Now  hydrogen 
is  the  only  thing  common  to  the  acids  and  therefore  the  acidic  functions 
have  long  been  ascribed  to  hydrogen.  However  as  these  properties 
are  not  possessed  either  by  gaseous  hydrogen  (H^)  or  by  hydrogen  in 
other  soluble  compounds  such  as  sugar,  urea,  hydrogen  peroxide,  etc., 
the  hydrogen  in  acids  must  be  different  from  both  molecular  hydrogen 
and  combined  atomic  hydrogen.  The  fact  that  the  difference  in  the 
properties  of  acids  is  one  of  degree  and  not  of  kind,  shows  that  the 
hydrogen  is  separate  from  the  rest  of  the  molecule  and  exhibits  its  own 
reactions  exactly  to  the  degree  to  which  it  is  free  or  dissociated. 
Speaking  shortly,  the  acidic  properties  are  the  properties  of  the 
positively-charged  hydrogen  ion  (H*) ;  an  acid  is  strong  if  it  is  well 
dissociated  and  is  weak  if  only  slightly  dissociated  into  H*  ions. 
Strong  acids  are,  HCl,  HBr,  HI,  HNO„  HClO,.  HBrO.,,  HIO,, 
HCIO,,  HSCy  ;  medium  are,  H^SO,,  Ufifi^,  H3PO,,  HF  ;  weak, 
C^HA*  HOCl,  H^,  H^O^,  H,C03,  H3BO3,  HCN,  CeH.OH.  Speaking 
generally,  the  properties  of  a  salt  solution  are  the  sum  of  the  properties 
of  its  ions  :  the  principle  in  ordinary  analysis  of  looking  for  acids  and 
bases  independently  of  one  another  is  nothing  else  than  a  recognition 
that  ionisation  has  occurred.  On  the  contrary  the  detection  of  organic 
substances  has  to  be  done  individually ;  for  example  there  is  no  group- 
reagent  for  the  methyl-group,  simply  because  it  does  not  ionise. 

Thirdly,  it  is  found  that  solutions  of  salts,  acids  and  bases  conduct 
the  electric  current  with  decomposition,  whereas  solutions  of  other 
soluble  substances  are  non-conductors.  It  is  only  in  the  state  of 
solution  that  these  substances  are  conductors,  e.g.^  anhydrous  HCl 
(liquefied)  is  a  non-conductor,  and  does  not  affect  litmus  or  metals,  but 
when  added  to  water  much  heat  is  evolved  and  the  solution  reacts  acid 
and  conducts  the  current  easily  with  evolution  of  hydrogen  and  chlorine 
at  the  electrodes.  The  profound  nature  of  the  physical  change  is 
shown  by  the  rise  of  the  boiling  point  from — 102**C  to  over  +  100"C. 
The  conductivity  of  salts  (electrolytes)  differs  from  that  of  metals  in 
being  accompanied  an<l  caused  by  an  actual  transference  of  matter,  viz., 
the  ions  into  which  the  electrolyte  separates  when  dissolved,  these  ions 
carrying  each  a  definite  charge  of  -  or  -|-  electricity.  The  passage  of  the 
current  is  simply  the  migration  or  wandering  of  these  charged  particles 
through  the  solution  in  obedience  to  the  attraction  exercised  on  them 
bv  the  electrodes. 

Thus  the  plus  electrode  (anode)  attracts  all  the  minus  ions 
(say  CF)  and  repels  all  the  plus  ions  (say  H*)i  whilst  the  negative 
electrode  attracts  the  positive  H*  ions  which  have  been  repelled  from 
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the  other  side  and  repels  the  negative  ions  to  the  other  electrode 
which  attracts  them.     (Fig.  I.) 

The  ions  therefore  move  in  opposite  directions  through  the 
liquid  until  they  meet  the  electrodes  which  being  oppositely  charged 
to  them,  remove  their  charges,  and  the  ions  are  left  free  to  exercise 
their  chemical  affinity  and  combine  with  one  another  or  with  other 
ions  that  may  ba  present,  to  form  ordinary  molecules.  In  this 
discharged  but  uncombined  condition  they  are  in  the  "  nascent  state  " 
to  use  the  older  terminology,  and  are  very  reactive,  since  there  is  no 
force  to  oppose  their  chemical  affinity. 

The  difference  between  an  element  in  the  ionic  state  and  one 
in  the  nascent  or  in  the  ordinary  molecular  condition  is  fundamental 
in  character.  They  are  as  totally  different  in  their  properties  as  the 
allotropic  forms  of  phosphorus  or  as  oxygen  and  ozone ;  in  fact  the 
ionic  condition  is  most  simply  understood  as  a  specially  reactive 
allotropic  form  of  the  element.  Nowadays  allotropy  itself  is  generally 
explained  by  differences  in  the  number  or  arrangement  of  the  atoms 
in  the  molecule,  exactly  like  isomerism  in  more  complicated  sub- 
stances, and  according  to  the  ionic  theory  every  element  can  assume 
<lifferent  allotropic  forms.  Thus  hydrogen  may  be  (1)  H.^  (gas),  (2)H — 
(nascent),  or  (3)  H*  (ion).  Again  Iodine  may  be  (1)  I — I  (vapour  at 
low  temperature)  (2)  I — (nascent  or  vapour  at  verv  high  temperature) 

(3)  r — (ion  of  iodides)  (4) — 1/   ||  (ion  of  tri-iodides).     Again  nitrogen 

N 
may  be  (1)  N  =  N  (gas),  (2) — N  |f  (ion  of  hydrazoates).     The  same 

N 
applies  to  compound  radicles  or  groups,  thus  we  have  the  isomers  OH'and 
(OH)^  or  H — 0 — 0 — H,  the  first  being  the  radicle  of  all  the  hydroxides 
and  the  second  ordinary  hydrogen  peroxide  ;  another  example  is  Cy' 
(the  anion  of  the  cyanides)  and  its  isomer  Cy.j  or  NC — CN,  or 
ordinarv  cvanoijen.  These  isomers  have  the  most  widelv  different 
properties,  hence  it  is  no  longer  wonderful  that  the  sodium  ion  does 
not  attack  water :  it  is  totally  different  from  metallic  sodium. 

There  is  one  more  point  to  be  elucidated  before  applying  all  this 
to  the  cyanide  process,  and  that  is,  that  dissociation  is  frequently 
voiy  incomplete,  for  example  in  water,  and  many  of  the  acids.  Now 
since  conductivity  depends  on  the  actual  carriage  of  electric  charges 
by  the  ions,  it  follows  that  bad  conductors  contain  few  ions  and  are 
therefore  only  slightly  dissociated.  For  example  HCN  is  a  very  poor 
conductor  and  is  therefore  scarcely  dissociated  at  all  Its  solution 
therefore  contains  very  few  H"  ions,  and  it  therefore  should  not 
exhibit  the  reactions  of  II-  ions.  Now  these  are  the  reactions  of  an 
acid,  and  we  infer  that  HCN  is  a  very  weak  acid,  which  is  in  fact  the 
ca.se.  By  measurements  of  the  conductivity  of  pure  acids  we  can 
therefore  arrange  them  in  order  of  dissociation,  which  is  therefore  the 
order  of  strength.  For  example  HCN  is  thus  found  to  be  158  times 
weaker  than  carbonic  acid  and  hence  its  salts  are  very  completely 
decomposed  by  atmospheric  C0._>. 


k 
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(a.)  Before  passing  current 
Only  H'  and  CI'  ions  are 
present  and  are  mouing 
in  all  directions. 


(6.)  Beginning  of  current 
Ions  moue  in  opposite 
directions ;  nascent  H 
and  CI  are  formed  at 
electrodes. 


(c.)  During  current  Separa- 
tion of  gaseous  //..>  and 
CI., ;  nascent  H  and  CI 
at  electrodes  ;  ions 
mouing  in  opposite 
directions. 


FIG.   1. 
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Again  it  follows  that  if  highly -dissociated  solutions  are  mixed 
so  as  to  have  the  ions  of  a  slightly-dissociated  substance  present 
together,  these  ions  must  re-combine.  The  best  known  case  is  that 
of  water  ;  if  an  acid  and  a  base,  containing  respectively  H"  and  OH* 
ions,  be  mixed,  these  ions  must  combine  until  their  number  is  reduced 
to  the  quantity  ordinarily  present  in  water  (-00001  P/oX  the  metal  and 
anion  of  the  acid  remaining  unchanged  to  form  the  salt  which 
results  on  evaporation.  The  process  of  neutralization  is  thus  inde- 
pendent of  the  nature  of  the  base  or  the  acid  (if  strong),  and  in  point 
of  fact  it  is  found  that  the  same  amount  of  heat  is  liberated, 
whatever  the  base  or  (strong)  acid  may  be.  This  heat  is  the  amount 
produced  by  the  reaction  H-f OH' =  11^0  + 137  cal.  per  litre.  All 
analytical  reactions  (titrations,  formation  of  precipitates,  etc.)  depend 
on  differences  of  dissociation  and  solubility  of  the  substances  em- 
ployed :  they  are  reactions  of  ions,  metals  and  complexes,  and  unless  a 
particular  group  is  dissociated,  its  constituents  are  not  detected. 
Thus  the  substance  obtained  by  dissolving  gold  in  cyanide,  K  Au 
Cy.j,  when  dissolved  in  water  dissociates  into  K*  and  Au  Cy'a,  and 
consequently  gives  the  reactions  of  potassium  and  of  the  aurocyanide 
group,  but  does  not  give  the  reactions  of  gold  or  ordinary  cyanides, 
unless  it  is  treated  with  violent  reagents  which  destroy  the  Au  Cy'g  group. 
In  the  same  way,  potassium  ferrocyanide  does  not  react  for  iron  and 
is  non -poisonous. 

In  the  case  of  salts  the  dissociation  is  practically  complete,  and 
if  one  recollects  the  few  exceptions,  it  is  practically  safe  to  assume 
that  nothing  but  ions  is  present.  The  important  conclusion  is  that 
when  different  salt  solutions  are  mixed,  the  product  is  the  same 
however  the  ions  were  arranged  in  the  original  solids.  For  example 
a  mixture  of  equivalent  solutions  of  NaCl,  KI,  and  Ca  (N03)2  cannot 
be  distinguished  in  any  way  physical  or  chemical  from  a  mixture  of 
KCl,  Nal,  and  Ca  (NO^).,  or  of  NaNO«,  KCl  and  Cal^  or  of  any  of 
the  other  three  possible  combinations  of  the  six  ions.  If  on  the  other 
hand  any  difference  arises  on  mixing  salt  solutions,  there  must  be 
one  among  the  possible  substances,  the  ionisation  of  which  is  less  than 
that  of  the  others.  This  substance  then  forms  from  its  ions  and  .if  its 
amount  exceeds  the  solubility  of  the  substance,  it  separates  as  a 
precipitate  and  the  temperature  rises  from  the  combination  of  the 
ionic  charges.  Conversely  the  redissolving  of  a  precipitate  simply 
consists  in  aiding  it  to  ionise. 

There  are  still  many  points  of  theoretical  interest  such  as. 
osmotic  pressure,  depression  of  freezing  point,  etc.,  required  to  prove 
the  validity  of  the  ionic  theory,  but  I  do  not  propose  to  refer  to  these. 
Those  who  are  interested  may  be  referred  to  the  excellent  exposition 
of  the  theory  in  Watts'  Dictionary  of  Chemistry,  IV.,  183,  where  the 
quantitative  data  which  prove  the  theory  may  be  inspected  and  will 
convince  most  people  that  they  are  not  due  to  mere  coincidence. 

Besides  the  ionic  theory  another  application  of  physical  chemistry 
— the  law  of  mass  actign — has  come  to  play  a  most  important  part  in 
modern  chemistry.  This  law  is  simply  a  statement  in  mathematical 
form  of  the  fact  that  the  degree  to  which  a  substance  reacts  is  propor- 
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tional  to  the  amount  of  it  present.  Combining  this  with  the  ionic 
theory  we  learn  that  the  activity  of  a  substance  depends  on  the  concen- 
tration of  its  ions  {i,e.,  the  number  present  per  litre).  If  we  take  any 
chemical  equation  the  activity  of  each  constituent  on  the  left  side  is 
proportional  to  its  concentration,  therefore  the  tendency  for  the  reaction 
to  go  in  the  sense  of  the  reaction  is  measured  by  the  product  of  the  con- 
centration of  the  substances  on  the  left  side  minus  the  product  of  the 
concentrations  of  the  substances  on  the  right-hand  side.  In  equili- 
brium this  tendency  is  zero,  and  the  two  sides  are  equal.  Expressed 
algebraically  this  is  c^c^  =  K  C3C4  if  there  are  two  substances  on  each 
siae.  The  constant  K  measures  the  final  stage  of  the  reaction.  Take 
for  example  the  dissociation  of  water,  H^O  =  H*  -h  OH* ;  the  algebraical 
equation  is  (I1,0)  =  K(H'){0H')  if  we  denote  by  bracketted  groups  the 
concentration  of  the  substance  within  the  bracket.  Now,  in  the  case 
of  water,  the  dissociation  is  known  from  the  conductivity  to  be 
extremely  smull ;  the  quantity  of  un-dissociated  water  in  a  litre   is 

(H,0> 
therefore    practically  constant ;    therefore  (H)  x  (OH*)  =  —    =     con- 

,.  (K) 

stant.  Therefore  in  any  aqueous  liquid  H"  and  OH'  ions  are  always 
present,  and  in  such  numbers  that  their  product  is  constant.  The 
value  of  the  constant  is  0*7-^10^*  at  20"  and  M-^10"  at  25°,  and 
6  2 -r  10*^  at  50"C,  increasing  rapidly  with  temperature. 

In  pure  water  the  H'  and  OH'  ions  are  of  course  equal  in  numl)er, 
therefore  (H)  x  (OH*)  =  (H-)^  therefore  H-  =  OH'=  10"  (or  one  each  of 
the  ions  to  ten  millions  of  water).  Now  if  we  add  an  alkali  to  water 
we  greatly  increase  the  number  of  OH'  ions,  therefore  the  number  of 
H*  ions  must  greatly  diminish  in  order  to  keep  their  product  fixed,  but 
it  is  not  possible  to  entirely  remove  the  H*  ions.  Thus  in  normal 
KOH  solution  at  25''  the  concentration  of  OH'  is  =  1  and  since 
(H-)  X  (0H*)=11  X  10-'^  at  25°  therefore  H-=ll  x  10"^  ie.,  about  one 
ten-millionth  of  its  concentration  in  water.  We  can  usefully  apply  these 
facts  to  the  hydrolysis  of  potassium  cyanide  by  water.  When  a  solu- 
tion of  potassium  cyanide  is  made  it  is  found  to  react  alkaline,  and  it 
Also  smells  of  hydrocyanic  acid,  even  if  the  water  has  been  freed  from 
carbonic  acid.  This  is  due  to  the  fact  that  hydrocyanic  acid  is  an 
extremely  weak  acid,  i.e.,  one  which  is  only  slightly  dissociated  into 
ions,  whilst  its  soluble  salts  are,  of  course,  well  dissociated  The  solu- 
tion contains  K*  and  Cy'  ions  as  well  as  the  ions  of  water  H*  and  0H\ 
and  since  HON,  like  water,  is  only  slightly  dissociated  it  tends  to  be 
formed  when  its  ions  H*  and  Cy'  meet  in  solution,  just  as  water  is 
produced  when  H*  and  OH*  meet  together.  Now  wlien  OH*  and  Cv 
together  meet  with  H*  they  compete  for  it  according  to  their  degree  of 
dissociation,  and  HCN  being  the  more  dissociated,  is  produced  in  the 
lesser  degree.  In  consecjuence  a  cyanide  solution  consists  mainly  of 
water  with  potassium  and  cyanogen  ions,  but  contains  in  addition  to 
these,  free  OH'  ions  (which  cause  its  alkalinity),  and  un-dissociated 
HCN,  which  can  be  distilled  out  of  the  solution.  The  amount  of 
hydrolysis  is  about  1%  in  a  0*5%  KCy  solution  at  ordinary  temperatures 
And  the  hydrolysis  varies  as  the  square  root  of  the  strength  of  the 
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solution.  Now  it  is  customary  to  add  caustic  alkali  to  cyanide  solutions^ 
and  we  can  calculate  its  effect.  From  the  two  chemical  equations, 
H*  +  OH'^HgO  and  H*  +  Cy'=HCN,  we  have  two  concentration-equa- 
tions from  the  law  of  mass  action,  viz.,  (H*)  x  (OH')  =  1.1  x  10~*^ 
(H)  X  (Cy )  =  k  X  (HON)  =  13  x  10-"XHCN).  We  eliminate 
(H)      and      find     since      (Cv')      in      decinormal      solution  =  0*1, 

llxlO-'« 
(OH)  x  (HCN)= =10-«  roughly— that   is,   the  product  of 

laxio-^'^ 

OH'  ions  and  free   HON  is  constant,  and  since  they  are   equal   in 

pure  KCy  solution,  both  (OH')  and  (HGN)=  ^7Ta*«=  001  or  V/^ 
of  the  cyanide  present.  So,  if  we  double  the  OH'  ions  we  halve 
the  free  HON,  or,  in  other  words,  to  halve  the  loss  of  available 
cyanide  (i,e.,  Cy'ions)  due  to  hydrolysis,  we  must  double  the  alkalinity. 
In  a  decinormal  cyanide  solution  at  30°  G.  this  is  1*12  %  of  the  KCN, 
so  that  we  must  add  alkali  equal  to  this,  viz.,  -0011 2  x  56  (molecular  wt. 
of  KOH)=0627  gram  KOH  per  litre. 

Titration  of  Cyanidk  Solutions.— We  have  seen  that  a  pure 
cyanide   solution   contains   seven   individual  substances,   viz.,   un-dis- 
sociated  KCN,  water,  and  HON,  and  dissociated  K*,  H',  OH'  and  Cy\ 
Of  these  only  the  last  is  of  value  for  dissolving  gold,  and  the  titration 
process  must  be  arranged  so  as  to  determine  cyanogen  as  ion  only. 
The  most  familiar  method  is  the  use  of  standard  silver  solution.    From 
the  ordinary  equation  2KCy  -H  AgNO.,  =  KAgCyj,  -H  KNO..,  we  get  the 
ionic  equation  Ag*  -H  2Cy'  =  AgCy V      It  should  be  noted  that  every 
ionic  equation  must  have  the  algebraic  sum  of  the  ionic  charges  equals 
as  well  as  the  elements  involved.     It  does  not  matter  what  silver  salt 
is  used.    It  should  also  be  noted  that  although  the  un-dissociated  KCN 
is  not  titrated  at  once,  as  soon  as  some  of  the  Cy'  ions  have  been 
removed  by  the  silver  the  equilibrium  existing  between  KCN  and  its 
ions  is  disturbed,  and  therefore  more  KCN  is  dissociated  until  it  is 
restored  ;  this  goes  on  until  the  whole  of  the  KCN  is  dissociated  and 
is  titrated.     On  the  other  hand,  the  equilibrium  between  the  OH'  and 
the  free  HCN  is  not  disturbed,  and  consequently  the  latter,  not  being 
ionised,  is  not  titrated,  and  as  we  know  that  the  hydrolysis  is  about 
1  %  in  a  solution  of  i  %  KCy,  we  see  that  the  titration  gives  only  99  % 
of  the  total  cyanide  dissolved.     Nevertheless  the  titration  is  correct 
for  leaching  purposes,  since  this  99  %   is  all  that  is  available  for  dis- 
solving gold      Addition  of  alkali,  as  already  mentioned,  makes  more 
available.     In  view  of  all  these  facts,  the  custom  of  recording  results 
in  terms  of  KCy  is  simply  stupid,  as  is  also  the  prejudice  against  using 
sodium  cyanide.     It  is  true  that  the  latter  salt  is  frequently  impure, 
but  this  is  simply  because  manufacturers  are  encouraged  to  send  out 
an  article  containing  only  76  %  of  sodium  cyanide,  simply  because  this 
figure  works  out  at  100  %  KCy  ;  there  remains  24  7o  ^^^  impurities, 
none  of  which  are  valuable  enough  to  be  paid  for  as  cyanide.    It  ought 
to  be  easy  enough  to  put  pressure  on  manufiicturers  to  raise  the  Cy" 
content  from   40  7   (its  present  amount)   to  50  7o  since  Cv'  in  pure 
NaCN  is  53  7,. 
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Tlie  other  two  processes  for  titrating  cyanides  are  very  interesting 
from  th(5  ionic  point  of  view. 

N 

The    first    consists   of    titrating  with  —  iodine    until   it  is    no 

10 
longer  used  up,  the  equation  being  KCN  +  L  =  KI  +  ICN.  The 
raimuih  of  the  proceeding  is  that  cyanogen  iodide  is  not  dissociated  (foi* 
example  it  gives  no  precipitate  with  AgNO.,).  The  ionic  equation  is 
therefore  Cy'  +  L=r  +  CNI,  the  negative  charge  moving  from  cyano- 
gen to  iodine.  It  is  interesting  to  note  that  if  the  final  solution  is 
acidifiefi,  the  reaction  goes  backwai-d,  iodine  and  HON  being 
regenemted,  the  equation  in  ionic  fomi  being  F  +  ON  I  +  H*  =  I.^  +  HCN. 
The  other  process  uses  HgCL,  solution  and  depends  on  the  remarkable 
fact  that  Hg(CN).j  is  practically  not  ionised  and  does  not  give  either 
the  mercury  or  the  cyanide  reactions,  and  this  is  due  to  the  fact  that 
Hg"  and  Cy'  ions  are  practically  absent  from  its  solutions.  The 
equation  of  titration  is  HgCla  +  2KCN  =  Hg(C'N).^  +  2KCl,  or  in  ionic 
fomi  H^-  -f  'iCf  =  Hg(CN), 

Before  dealing  with  the  chemistry  of  the  solution  of  gold,  it  will 
be  necessary  to  say  something  about  the  destruction  of  cyanide  by 
constituents  of  the  ore,  the  air  and  the  water  with  which  it  is  used. 
We  have  seen  that  even  pure  air-free  water  causes  a  loss  due  to  hydro- 
lysis, the  HCN  formed  being  volatile.  It  may  be  removed  from 
solution  even  by  a  current  of  indifferent  gas,  as  occurs  in  aeration.  A 
much  greater  cause  of  loss  is  the  action  of  carbonic  acid.  This,  we 
have  seen,  is  nearly  16  times  as  strong  an  acid  as  HCN,  and  a  cyanide 
solution  is  almost  completely  converted  into  KHCO^  by  exposure  to 
air  for  a  long  time.  It  is  sometimes  supposed  that  K,CO.,  is  the 
protluct,  but  this  is  incorrect  I  have  done  a  number  of  experiments  to 
test  the  action  of  carbonic  acid.  For  example,  I  compare<l  the  cyanide- 
destroying  powers  of  HNO.,  and  HaCO.,  as  follows  :  2r)cc.  of  KCy 
solution  were  titrated  and  used  9.iS2cc's  of  N/10  silver  solution,  but  on 
mixing  with  50cc.  of  CO.j  -  water  (equal  to  4.32cc.  of  N/10  HCO3H),  the 
titration  gave  8.67cc's  of  AgNO;,.  On  mixing  the  cyanide  with 
4.32cc'8  of  N/10  HNO;„  the  titration  gave  H.  Voce's  of  AgNO^. 
Thus  H^CO;,  caused  a  loss  of  11.8^7^  of  the  cyanide,  as 
compared  with  13.3^7o  destruction  by  HNO3  in  equivalent  quantity. 
On  doubling  the  quantity  of  CO.j  the  destruction  of  cyanide  was 
25.8^/^,  whereas  double  the  quantity  of  nitric  acid  caused  a  loss  of 
cyanide  =  34*^/,,.  From  this  we  see  that  although  HgCO.,  is  a  very 
weak  acid,  it  is  so  much  stronger  than  HCN  that  it  expels  it  from  its 
salts  almost  as  much  as  HNO3,  the  type  of  a  strong  acid.  It  does  not, 
however,  effect  KAgCy^  because  the  latter  contains  the  ions  K*  and 
AgCy'.j  but  not  the  ion  Cy'  to  any  appreciable  extent.  In  the  presence 
of  pota.s8ium  iodide,  however,  C(\  does  cause  precipitation  from 
KAgCy-j  solution. 

Ajiother  source  of  loss  of  cyanide  is  the  presence  of  acid  salts  in 
the  ore.  The  action  of  free  acid  is  so  obvious  that  it  need  oidy  be 
mentioned.  The  action  of  acid  salts  depends  on  their  hydrol^'sis, 
leailing  to  potential  free  acid  ;  the  effect  on  cyanide  is  here  again  due 


60  Report— 1904. 

to  If'  iorifi,  and  these  are  formed  when  the  base  of  the  salt  is  a  weak 
inw.  .fimt  as  cyanide,  the  salt  of  a  weak  acid,  hydrolyses  into  undis- 
M(K:ittt<;d  acid  and  dissociated  base,  so  does  a  salt  of  a  weak  Imse  like 
f«rric  Mulnhate.  hydrolyse  into  undissociated  base  and  dissociated  acid, 
«.K.  Fa,(HO^),  hydrolyses  into  Fe(0H)3  and  H-  and  SO4"  ions.  The 
H4ttum  of  FejiSOJj,  on  cyanide  is  thus  not  directly  Fe2(S04)3  +  6KCv + 
f$H,0-2Fe(OH>,4. 6HCN  +  3K2SO4.  but   is  simply  the   ionic  actions 

{  "   **'      ii.j,rv«HrN"  I     A^iother  very  deleterious  in- 

l^redient  of  the  same  class  is  MgS04  in  the  water,  the  reaction  is  Mg-  + 
2()H'  +  2H-,-Mg(OH),+2H-. 

The  action  of  ferrous  salts  is  different,  for  here  the  cvanide  is  not 
<;onverttid  into  HCN  but  into  ferrocvanide.  The  reaction  is  simply 
F«"  +  «Cy\-FoCy,"". 

To  countenict  all  the  foregoing  causes  of  loss  of  cyanide  it  is  cus- 
tomary to  add  caustic  lime  ;  this  is  fairly  satisfactory  but  far  from 
jHjrfect.  As  we  have  seen,  the  hydrolysis  is  only  slightly  diminished 
\ty  a  considerable  (|uantity  of  alkali,  but  on  the  other  hand  lime  is  a 
complete  remedy  for  dissolved  CO^.  J^'or  free  acid  and  acid  salt«  it  is 
fairly  satisfactory  when  pure  but  since  the  product  CaS04  has  a 
<liMtinct  action  on  cvanide  (owing  to  the  fact  that  CaCy.^  is  more  sul>- 
ject  to  hydrolysis  tfian  KCy),  it  would  be  far  preferable  to  u?e  a  mixture 
of  lime  and  caustic  soda.  The  practice  of  usin^  crude  lime  containing 
much  carbonate  is  very  wasteful,  since  the  can>onic  acid  produced  is 
itself  a  "cyanicide."  Even  caustic  alkali,  however,  is  no  protection 
against  ferrous  salts,  since  ferrous  hydrate  reacts  with  cyanide  to  form 
ferro(;yanide.  Again,  ferrous  hydrate  is  very  deleterious  to  the  cyanide 
pHMJCHs  in  another  way,  nr.,  by  possessing  a  strong  affinity  for  dissolved 
oxvg<iri.  Thus  the  addition  of  lime  to  a  gold  ore  containing  ferrous 
sulphate  will  cause  most  of  the  dissolved  oxygen  of  the  water  to  dis- 
ujipiMir  an<l  the  gold  cannot  therefore  be  extracted  unless  the  solution  is 
thoniughly  re-aerated.  The  only  other  important  cause  of  loss  of  cyanide 
is  t  he  |)resence  of  compounds  of  base  metals.  These  act  just  like  ferrous 
iron  by  forming  complex  anions  with  the  Cy\  Thus  in  the  ease  of  copper 
we  have  the  formation  of  KCuC>v  If  the  copper  is  present  as  cuprous 
salt,  it  is  formed  directly,  Cu20-|-4Cy'-|-H._,0  =  2CuCy\.>  (anion  of 
potaHHiiini  (!Uprosocvani(le)-|-20H' (alkali).  In  the  cjise  of  a  cupric 
Malt,  frtM?  cyanogen  is  liberated  in  addition  and  the  ionic  eipiation  is 
2( !u'  •  +  «( Y  -  2CuCy\,+ C.Na. 

With  Higard  to  the  subject  of  destruction  of  cyanide,  I  notice  in 
oiu'  liuirature  freciuent  references  to  an  entity  called  "  protective 
alkali  "  roiuid  which  much  discussion  seems  to  have  raged,  with  the 
ninfiiMJon  of  thought  usual  when  conflicting  definitions  of  the  subject 
of  the  discuMMions  are  in  use.  Now  in  the  light  of  the  ion-theory, 
*•  protective  alkali  "  is  nothing  else  than  OH'  ions,  for  these  are  the 
only  ions  which  are  attacked  before  Cy'  ions  when  a  substance  of  acidic 
character,  (vi/,.,  containing  H*  ions)  is  present.  There  is  no  acid 
weaker  than  HON  (except  phenol),  hence  KCy  can  only  be  pro- 
tected by  hydroxides.  The  protection  afforded  by  normal  sodium 
carbonate  is  simply   due   to   its   slight   hydrolytic   dissociation   into 
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N 
NaHCOa  and  NaOH  (al>oiit  3%  in  —  solution),    but  as  soon  as  the 

10 
latter  (or  its  OH*  ions)  is  used  up  by  a  cyanicide,  more  hydrolysis  occurs 
and  so  on  until  all  the  NaOH  (equal  to  half  the  original  carbonate) 
has  been  utilised  as  a  protector.  Hence  the  definition  that  protective 
alkali  is  "all  the  hydroxides  and  half  the  alkaline  carbonates  present." 
The  reactions  are  (1)  COa^  +  H'  +  OH*  (from  water)  =  CO3H*  +  OH*  (2> 

CO3H'  +  OH*  +  H-  ( from  the  cyanicide)  =  GO,H*  +  H,0.  To  be  exact, 
the  final  stage  is  an  equilibrium  between  H*  and  the  two  anions  OH*  and 
Cy*  so  that  the  protective  action  is  really  rather  less  than  one  half  of 
the  Na^COa  present.  The  OH*  groups  present  in  a  cyanide  solution 
are  determined  by  Clennel's  method,  the  principle  of  which  consists  in 
removing  the  Cy*  groups  with  silver  solution  before  titrating  with  acid. 
If  the  Cy*  groups  were  not  removed,  they  would  constantly  react  with 
the  water  to  form  HCN  and  OH*  as  previously  explained  and  we 
■should  determine  the  alkali  corresponding  to  the  KCy  present  as  well 
as  the  protective  alkali.  The  reactions  are  2Cy*  +  0H*,  +  Ag*  = 
AgCy*.2  +  OH*.  Then  on  titrating  with  N/10  oxalic  acid  with  phenoTph- 
thalein,  we  have  AgCy*^  +  OH*  +  H*,  =  AgCy*a  +  H^O.  Phenolphthalein 
is  a  stronger  acid  than  HCN  which  is  the  reason  why  it  is  not  liberated 
from  its  red  potassium  derivative  until  practically  all  the  KCy  has 
been  decomposed,  but  if  the  solution  contains  not  KCy  but  KAgCy.^, 
the  phenolphthalein  is  liberated  from  its  coloured  salt  as  soon  as  all 
the  OH*  has  been  neutralized.  If  lOOcc.  of  cyanide  solution  be  taken,. 
each  cc.  of  N/IO  oxalic  or  sulphuric  acid  con*esponds  to  .004%  NaOH, 
.0056%  KOH,  .0028%  CaO,  .0037%  Ca(OH),,  or  to  .0017%  OH*.  In 
consequence  of  adherence  to  the  older  theories  there  is  much  confusion 
as  to  what  terms  alkalinity  is  reported  in.  It  would  be  much  clearer 
to  report  in  terms  of  OH*,  the  real  cause  of  the  alkalinity,  to  say 
nothing  of  its  scientific  accuracy.  Some  of  you  may  be  interested  in 
the  cause  of  the  colour  change  on  adding  alkali  to  phenolphthalein. 
It  has  l)een  shown  by  Armstrong  that  nearly  all  coloured  organic  com- 
pounds have  a  constitution  analogous  to  (juinone,  namely  a  double- 
linked  iKjnzene  ring.     Phenolphthalein  has  the  constitution  (I.).    Fig.  2. 

When  it  meets  with  alkali,  (i.e.,  OH*  gioups),  the  linkage  breaks 
at  the  dotted  lines,  and  the  anion  of  the  red  salt  is  formed,  the  under- 
lined H  is  removed  by  the  OH*,  and  the  negative  charge  of  the  OH* 
goes  to  the  coloured  anion,  which  has  been  formed. 

The  foi-mula  of  the  coloured  ion,  (with  quinonoid  linkage),  is  (II.) 
C^mversely  by  adding  an  acid,  (H-  ions)  to  this  compound  the  H*  ion 
joins  on  to  the  quinone  oxygen  and  the  free  bond  of  the  other  oxygen 
joins  up  to  the  central  carbon,  thus  regenerating  the  original,  elec- 
trically-neutral  and  colourless  phenolphthalein. 

Coming  now  to  the  actual  process  of  gold  extraction,  we  must 
remember  that  even  a  pure  cyanide  solution  is  a  very  complex  thing, 
but  nevertheless  it  is  only  the  ionised  cyanogen  and  the  dissolved  (but 
not  ionised),  oxygen  which  cause  the  solution  of  gold.  Metallic  gold 
is  not  ionised  and   has  indeed  only  an  extremely  small  tendency  to 
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assume  the  ionic  state,  that  is  to  say,  its  affinity  for  the  positive  elec- 
tron is  very  much  smaller  than  that  of  hydrogen  ;  in  fact,  it  is  only  by 
supplying  a  large  (quantity  of  external  energy  that  it  can  be  got  to 
iissume  the  ionic  state.  For  example  the  solubility  of  gold  in  chlorine 
water  is  really  accomplished  at  the  expense  of  the  energy  due  to  the 

freat  tendency  of  Cl.^  to  ionise  into  CV.  2Au-f  3Cl._,  =  2Au*- -f  6Cr. 
n  view  of  this  it  is  really  extraordinary  that  gold  should  dissolve 
easily  in  the  cold  by  the  aid  of  KCy  and  0._„  which  are  both  in  themselves 
exceedingly  indifferent  su]>stances.  The  older  theories  do  not  account 
for  this,  even  wuth  the  aid  of  thermochemistry,  and  it  is  only  the  ionic 
theory  which  gives  a  satisfactory  explanation.  This  explanation  is 
that  the  product  KAuCy.^  is  not  a  salt  of  gold,  l>ut  the  potassium  salt 
of  a  complex  acid  ;  that  there  is  therefore  no  necessity  for  much  exter- 
nal energy,  since  there  is  no  formation  of  gold  ions.  Again  it  is  the 
general  rule  that  **  noble  "  (difficultly  ionisable)  metals  are  just  the  ones 
which  easily  form  stable  complex  anions  with  cyanogen  ej/.  Pt,  Ag. 

The  function  of  the  atmospheric  oxygen  has  given  rise  to  some 
discussion  and  it  is  not  so  easy  to  understand  as  it  looks.  The  original 
equation  of  ?:isner,  4KCy -f  2Au  +  0  +  H.,0  =  2AuKCy.,-h2KOH,  is 
misleading  since  there  is  no  atomic  oxygen  in  the  solution  and  the 
energy  required  to  separate  the  molecules  of  gaseous  oxygen  into  atoms 
is  liable  to  be  lost  sight  of.  The  doubled  equation,  8KCy  +  4AuH-().^-f 
2R2^  =  ^KAuCy.2-l-4KOH,  has  been  verified  experimentally  so  far  as 
the  ratio  4Au:02  is  concerned.  In  the  ionic  form  the  equation  reads, — 
8Cy'  +  4Au  +  0.2^4AuCy.2'  +  20"  (secondary  ion  of  water).  Then  since 
the  dissociation  of  the  second  H  atom  of  water  is  immeasurably  small, 
this  ion  reacts  with  water  to  form  0H\  viz.,  0''  +  H20=(20H') 
Combining  the  two  we  have, 

SCf  +  4  Au  +  O.,  +  2H.,0=:4  AuCy.;  +  40H' 


all  non-ionised. 
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III  opposition  to  this  theory  Boilliinder  in  Ins  **  C'hiMnit*  dos 
Cyanic! verfahrens,*'  has  suggeste<l  that  hydrogen  peroxide  is  foinied  a>* 
an  essential  factor  in  the  reaction,  and  by  performing  the  experinient 
in  presence  of  lime,  has  actnally  obtained  hydratod  CaO.j  in  tin*  reaction 
to  the  amount  of  nearly  70'  of  the  theoretical  amount.  The  o<|Ujitions 
which  he  puts  forward  are, — 

(1).     4KCv  +  2AuH-0..  +  2H..O=2KAuCy..  +  -JK()n4-H..O.. 

(2).     4KCy  +  2Au  4-  HA^'^KAuCy,  +  2K()H, 
whence,  by  addition,  we  obtiiin  Eisner's  equation. 

Now,  although  the  second  ecjuation  is  perfectly  .substantiated  by 
experiment,  it  seems  to  me  that  the  first  one  is  impossi])le.  It  may  b(» 
split  into  several  minor  e([uations  (1)  convei*sion  of  O.j  into  atonn'c 
oxygen,  (2)  combination  of  oxygen  and  water  to  H./X,  (.*J)  interaction 
of  4KCy  +  2Au  to  form  2KAuCyo  +  2K,  (4)  combnirition  of  2K  with 
>)xygen.  Now  the  first  three  reactions  do  not  oc(*ur  of  theii*  own 
accord,  i.e.,  their  heat  of  reaction  is  negative  and  it  is  hardly  credible 
in  absence  of  the  actual  thermal  data,  that  the  last  rea(;lion  <ati 
compensate  for  all  the  absorption  of  energy  due  to  the  first  three.  Ah 
regards  Bo<llanders  experiment  in  presence  of  lime,  it  is  possible  that 
the  heat  evolverl  in  the  formation  of  the  solid  C  aO,,  just  sutliceH  to 
make  the  whole  heat  of  reaction  positive,  whereas  it  would  otlieiwine 
be  negative.     This  reaction  would  thus  read  (using  the  ions), 

4Cy'  +  2Au  +  0,+Ca--2AuCy;  +  Cr-0  +  Ca     2AuCy;  4  CaO,. 
However,   I  am   very  uncertain   about  this.     The  eoniparison  of  the 
reaction   with  an  ordinary  catalytic  action  is  quite  niisbiading.     If  w<^ 
take  the  case  of  the  fonnation  of  li/SOj  from  HJSO.,  and  N(X,,  we  have 
the  two  equations, — 

N0,-:-H.^0,  =  H.S04rN0  1  4KCy^2Au  i(),  =  2KAu(;v..i  K.O. 

N0-t40,=  N0,  /  4KCy  :2Au:KAi  211,0  i2KAu(;y,i  KOli 

i.e.,  in  the  formation  of  sulphuric  aci<b  a  theoretically  infinite  amount 
of  H./SO3  is  oxidised  at  the  exjiense  of  the  atmospheric  oxygen  by  a 
fixed  quantity  of  NO.,,  whereas  in  the  solution  of  gold  onc«?  the  If/);, 
has  decomposed  by  the  second  reaction,  the  nfilucr<}*l  eomf>ound  (via., 
water),  has  no  tendency  to  return  to  the  state  of  fxiroxide.  It  jh. 
because  NO  will  combine  with  oxygen  even  in  preiwrnee  of  »SO.^  that 
the  sulphuric-acid  process  is  [>^>ssible,  and  it  is  just  I><'caiis4f  the  i<'a/'tion 
IL0  +  |04=H^02  does  not  occur  //«r  «^,  that  1  think  that  l{*¥llarid«'r« 
theory  is  a  perpetual  motion. 

Another  errone^ius  idea  that  o^:cnrs  in  the  literature  j»*  that  it  i>t 
possible  for  potassium  Auricyanide  ^KAnCy4t,  to  re*iidt  from  the 
onlinary  leaching  prrjcess.  Even  huch  a  reliable  authoHty  an  O-twald 
gives  the  following  rea/:tion  for  the  dilution   of  gold   in  <'varijd" 

HKCy^2Au^i>0,^4lUJ-2KAij(:v,^OKOH-H/),, 
I  am  afraid  that  thif?  rea/:tiofi  U  wholly  iifiaginary,  for,  i»ot  only  i*i  the 
ratio  of  Au  to  oxygen  u*>e>rl  iuf^fir^rl.  but  aI«>o  there  i*?  uo*'X]fintwti^a\ 
endence  m  show  that  KAuCv.  ':an  a/rt'iallv  lie  for;jie^i  ff oiii  ii'A'i  attfi 
cyanide.  Perhaps  the  A-y*f¥riation  in^y  l*e  int^re*ft^J  ifi  ^'^^itr^  '^ftn*-  oj 
these  saljstarK:**  in  a  tangibj*;  f-^/THJitJon,     I  Jx;iv<;pr<'jiaf'-J  *'j/«?':;ni«  ^"/f 
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AuCN,  KAuCy^  NaAuCy^  KAuCy^  KAu(SCy)j„  and  KAuCSCy)^  foi 
the  purpose  of  examining  them  under  the  polarising  microscope  and  I 
find  that  this  is  a  reliable  method  of  identifying  these  substances  in 
small  quantity.  Both  K-  and  Na>aurocyanide  give  crystals  which  in 
polarised  light  give  a  magnificent  violet  colour  with  nearly  straight 
extinction,  whereas  KAuCy4  gives  none  or  only  a  pale  yellow  colour 
and  forms  thin  hexagonal  crystals.  AuCN  forms  insoluble  sulphur 
yellow  hexagonal  plates.  KAu(SCy)^  is  pale  yellow,  and  KAu(SCy)4 
is  brownish-orange.  Both  of  the  latter  are  unstable  and  deposit  their 
gold  easily ;  even  warming  with  alkali  decomposes  them.  KAuCy^ 
forms  rather  sparingly  soluble  crystals  frequently  arranged  in  six-rayed 
stars  with  points  resembling  octahedra,  NaAuCya  is  ver}'  soluble  and 
foi-ms  very  thin  plates  which  are  strikingly  lustrous.  KAu(SCN)3,  is 
proljably  the  form  in  which  gold  dissolves  in  ferric  sulpho-cyanide,  but 
I  cannot  succeed  in  isolating  it  from  this  solution  because  of  its 
instability. 

It  has  already  been  shown  that  the  reason  why  gold  dissolves  in 
cyanide  is  that  the  oxygen  removes  the  extra  negative  charges  of  the 
cyanide  left  over  on  forming  aurocyanide — the  equation  being — 
8Cy'  +  4Au+02=4AuCy./H-20".  By  studying  this  we  can  ascertain 
the  factors  which  aid  the  reaction  and  those  which  slow  it  down.  We 
can  accelerate  the  reaction  by  increasing  cyanide  and  oxygen  together 
since  by  the  mass  action  law  the  velocity  of  reaction  is  proportional  to 
the  quantity  of  oxygen  multiplied  by  the  eighth  power  of  the  cyanide 
concentration.  Unfortunately  the  solubility  of  oxygen  diminishes  as 
the  cyanide  increases  and  we  are  forced  to  a  compromise  between  them. 
I  Ijelieve  that  wonderfully  rapid  extractions  could  be  obtained  if  the 
leaching  could  be  done  in  closed  vessels  under  pressure  so  as  to  increase 
the  oxygen  concentration.  Again  the  reaction  will  be  slowed  down  by 
increasing  the  alkalinity  (since  that  is  one  of  the  reaction  products), 
and  it  is  possible  that  too  much  lime  may  be  sometimes  used.  How- 
ever, it  seems  to  be  generally  thought  that  lime  is  one  of  those  good 
things  of  which  we  can't  have  too  much.  Again,  if  Bodliinder  is  correct, 
and  hydrogen  peroxide  is  formed,  it  will  slow  the  reaction  if  it 
.  accumulates. 

Bromocyanide. — Manv  inventoi-s  have  l)een  struck  with  ideas 
for  floiiig  away  with  the  necessity  for  oxygen,  and  in  fact  any  sub- 
stance capable  of  taking  two  negative  charges,  will  accelerate  the 
pnxiess.  This  is  well  seen  on  examining  Bettel's  experiments  done  in 
absence  of  air.  Those  oxidising  agents  such  as  KClO.,  which  cannot 
take  up  more  charges,  have  no  effect.  The  following  are  ionic 
equations  for  some  of  the  best  known  substances. 

(1).  Cyanogen      l>romi(le,      (so  called    "bromocvani(le'')=CXBr 
3Cy'  +  2  An  +  CNBr=2AuCy\,+ Br . 

(2).  Potassium    ferricyanide. 

2Cy  -H  An  +  FeCy«"'=-  AuCy \,  +  FeCy«.  ^^^^ 
(3).  Bromine  water. 

4Cv^  +  2  Au  -f-  Br,=  2  AuCv\,+ 2Br\ 
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Nevertheless  none  of  these  reactions  are  quantitative  since 
cyanide  itself  is  easily  destroyed  by  oxidation.  In  the  case  of  cyanogen 
bromide  it  Ls  of  vital  importance  that  free  alkali  should  be  absent, 
siiice  alkali  decomposes  it  almost  at  once.  Judging  from  the  analogy 
of  the  behaviour  of  CNI  the  reaction  must  be, — 3KOH  +  3CNBr, 
=3HCN  +  2KBr+KBr03,  or  in  ions,— 30H^  +  3CNBr,=3HCN  + 
2  Br'  +  BrO'j„  i.e.  the  substance  is  wasted  since  KBrO.,  is  not  an 
oxidizing  agent  towards  gold.  If  however,  no  excess  of  alkali  i& 
used  it  is  prol)al)le  that  the  reaction  is,— KOH  +  CNBr=KOBr  + 
HCN,=KBr+HOCN,  the  latter  then  hydrolysing  to  COa+NHs, 
which  will  account  for  no  cyanide  being  found  after  the  action  has- 
occurred. 

Mr.  Alfred  James  has  confirmed  this  destruction  of  bromocyanide 
experimentally,  but  without  explaining  it.  He  gives  an  experiment 
in  which  after  distilling  with  NaHCO.,  ("to  drive  off  cyanogen"), 
and  acidifying,  he  got  the  theoretical  quantity  of  KBr  corresponding 
to  the  equation  KUy-f  CNBr=KBr-|-C.,No.  I  think  however  that 
the  true  reaction  is,— 3KCy-h3CNBr"-f  3IiaO,=2KBr  +  KBrO,-h 
6HCX.  On  acidifying,  the  HBr  and  HBrO^  react  to  form  bromine 
which  is  thus  fully  titrated  with  silver,  using  the  same  amount  as  if 
James'  ecjuation  were  true.  Again  the  beneficial  effect  of  CNBr  is  so 
much  greater  than  that  of  cyanogen  (C^X.^),  that  the  effect  must  be 
ascribed  to  the  tendency  of  the  Br  to  ionise  and  so  remove  the  extra 
negative  charge  left  over  on  converting  2Cy'  -|-  Au  into  AuCy\j 

Precipitation.— The  recovery  of  the  gold  from  cyanide  solutions, 
is  effected  mainly  by  the  use  of  galvanic  couples  of  which  zinc  forms 
the  more  electro-positive  element  (pure  zinc  is  almost  ineffective  as. 
a  precipitant),  and  also  by  electrical  precipitation  In  both  cases,  as 
Mr.  Caldecott  has  pointed  out,  the  effect  is  really  a  reduction  by 
"  nascent  hydrogen  "  and  is  therefore  not  an  ionic  reaction  and  is 
therefore  not  (piantitative.  In  cyanide  solutions,  the  galvanic  couples, — 
zinc  lead  and  zinc-gold,  decompose  water  continuously  because  the 
zinc  takes  on  the  charges  of  the  hydrogen  ions  present  and  yet  zinc  ions, 
cannot  accumulate  to  stop  the  reaction,  because  they  are  continually 
converted  into  ZriCy/'  ions.  The  reactions  are,— ZnH-2H*,=Zn  * + 
2H,  (nascent  hydrogen),  and  Zn--|-4Cy\=ZnCv4'\  The  nascent 
hydrogen  then  reduces  the  aurocyanide,  but  tfiis  reaction  is  an 
intra-ionic  one  and  is  therefore  slow  and  incomplete,  AuCv'o-l-H= 
Au-fCy'-fHCN,  or  since  alkali  is  alwavs  present,  (viz.  OH'  i^roups), 
AuCy\,  -h  OH^  +  H=- Au  -h  2Cy'  +  H,0. 

The  action  of  the  electric  current  is  exactly  the  same  ;  uncharged 
H  atoms  are  liberated  and  reduce  the  aurocyanide  in  the  fluid 
KuiTounding  the  kathode,  but  as  the  aurocyanide  ions  are  comparatively 
infre*[uent,  most  of  the  H  atoms  have  to  combine  with  each  other, 
forming  gaseous  hydrogen  and  wasting  energy  Of  course  the  same 
is  true  of  the  zinc  process.  The  old  equation, — Zn-l-2AuKCy2,= 
K.,ZnCv.  +  2Au,  is  not  onlv  inconsistent  with  the  facts,  but  is  im- 
possible  according  to  the  ionic  theory,  since  KAuCy.j  contains  no  gold 
kations,  (as  is  shown  by  its  not  reacting  with  SnClu). 
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There  are  two  chief  sources  of  cyanide  loss  during  extraction,  viz., 
(a),  loss  of  volatile  HCN  which  is  mechanically  removed  ^nth  the 
hydrogen  bubbles,  (b),  formation  of  methylamine  by  reduction  of 
cyanide  l)y  nascent  hydrogen.  The  former  loss  is  due  to  hydrolysis 
of  the  cyanide  into  free  alkali  (ionised),  and  non-ionised  HCN.  Now 
ions  are  not  volatile,  therefore  the  alkali  sta3^s  behind  and  the  HCN  is 
carried  off  by  the  bubbles  of  hydrogen.  The  loss  is  least  with  weak 
solutions,  which  are  less  hydrolysed. 

(b).  With  regard  to  methylamine,  this  is  formed  by  a  non-ionic 
reaction  between  HCN  and  nascent  hydrogen,  the  equation  being 
HCN  +  4H=CH3.NH,.  This  is,  I  think  the  chief  cause  of  the 
ammoniacal  smell  of  the  zinc-boxes,  although  doubtless  a  little  ammonia 
is  formed  by  the  hydrolysis  of  HCN  into  ammonia  and  formic  acid, 
HCN  +  2H,0=:NH,.CH0,, 

Obstacles  to  Precipitation. — The  great  waste  of  zinc  itself  is 
due  to  the  excessive  PIM.F.  of  Zn-Pb  and  Zn- Aii  couples  which 
decompose  water  of  themselves,  but  this  nevertheless  is  essential  for  the 
rapid  formation  of  nascent  hydrogen.  Th(}  zinc  becomes  coated  with 
its  hydroxide  and  the  action  will  eventually  stop  unless  the  coating 
is  removed.  The  usual  custom  is  to  drip  strong  cyanide  solution  into 
the  head  of  the  box.  This  dissolves  the  Zn(0H).2  with  partial  fonnation 
of  soluble  KoZnCy^.  The  coating  contains  also  almost  invarial)ly  zinc 
ferrocyanide  which  is  much  more  refractory  and  iu  this  case  it  has  lieen 
found  advantageous  to  dissolve  the  coating  with  HjS04  and  use  the 
solution  of  ZnSO^  to  precipitate  (in  a  separate  vessel)  the  excess  of 
ferrocyanides  in  the  solution.  This  is  very  crude  :  it  would  surely  be 
preferable  to  prevent  the  formation  of  ferrocyanide  at  the  begiiniing. 
A  further  explanation  of  the  formation  of  this  coating  has  been  i)ut 
forward  by  Bodliinder,  viz.,  that  it  is  due  to  a  direct  action  of  hydrogen 
peroxide  on  the  zinc.  He  shows  that  hydrogen  peroxide  is  first  formed 
at  the  expense  of  the  dissolved  oxygen  of  the  solution  and  is  then  u.sed 
up  in  oxidising  more  zinc,  so  that  this  goes  on  until  all  the  <lissolved 
oxygen  has  been  destroyed.  Crosse's  determinations  have  shown  that 
the  solutions  are  in  fact  free  from  oxygen  after  ptissing  the  extractor- 
boxes.  .  The  reactions  are — 

(a).  Zn  +  4Cy'  +  0.,+ 2H,0  =  ZnCy;'  +  2(0H^)  +  HA 
(b).  HA+^ii  =  Zn(OH).,  (the  coating). 
This  reaction  is  reasonable  since  zinc  reacts  with  cyanide  without  the 
presence  of  oxygen.  There  are  many  causes  of  bad  precipitation,  but 
all  may  be  said  to  act  by  the  zinc  getting  coated  with  a  layer  which 
prevents  contact  between  the  "nascent  hydrogen"  and  the  auro- 
cyanogen  ions.  The  chief  factor  is  generally  supposed  to  be  too  great 
alkalinity,  but  the  only  other  factor  of  scientific  interest  is  the 
deleterious  action  of  copper  in  the  solution,  which  is  precipitated  from 
dilute  solutions  before  the  gold  and  coats  the  zinc  with  an  adherent 
film.  This  is  due  to  copper  coming  next  in  order  of  E.M.F.  to  zinc 
in  cyanide  solutions.     Tin  and  silver  also  precede  gold. 

I  think  I  have  now  gone  over  all  the  salient  points  of  the  cyanide 
process  from  the  newer  point  of  view,  and  in  concluding  must  apologise 
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for  the  inordinate  length  to  which  ni}'  interest  in  the  subject  has  led 
me,  for  I  cannot  escape  seeing  that  my  contribution  resenil)les  the 
skeleton  of  a  treatise  on  the  subject,  and,  bulky  as  it  is,  has  been  com- 
pressed almost  beyond  the  limits  of  intelligibility.  I  have  in  niany 
places  given  utterance  to  unorthodox  views,  and  I  hope  that  they  will 
not  be  passed  over  in  silence,  and  that  the  discussion  may  help  to 
crystallise  the  somewhat  diffuse  ideas  that  are  occasionally  held  in 
cyaniding  circles. 


4.    REDUCTION  WORKS   CHECKS  AS  PRACTISED  ON 

THE  RAND  GOLD   MINES. 

By  E.  H.  Johnson. 

[Plate  III.] 

I  am  unaware  whether  the  somewhat  crude  title  is  in 
itself  sufficiently  explanatory  for  the  purpose  of  this  paper  or 
not,  but  it  would,  perhaps,  be  wiser  to  elucidate  somewhat  the 
meaning  that  is  attached  to  checks  on  reduction  work  as 
applied  to  Rand  Gold  Mining.  It  is  the  effort  to  obtain  accu- 
rate information,  continuously,  of  the  values  before  and  after 
metallurgical  treatment,  and  deduce  therefrom  the  degree  of 
efficiency  obtained.  It  is,  in  effect,  the  accountancy  side  of 
the  metallurgy  of  gold,  and  is  computed  from  the  results  of 
careful  sampling  and  assaying.  It  serves  the  purpose  of  deter- 
mining the  degree  of  skill  and  honesty  with  which  the  work  is- 
conducted,  the  amenability  of  the  ore  to  the  treatment  to  which 
it  is  subjected  (a  somewhat  variable  quantity  even  in  this  uni- 
form proposition),  and,  most  important  of  all  from  the  metal- 
lurgical standpoint,  to  indicate  the  lines  of  least  resistance 
where  possible  improvement  may  be  effected. 

The  evolution  of  present  systems  of  checking  and  record- 
ing reduction  works  values  and  extractions  correspond* 
chronologically  with  the  development  of  the  various  processes, 
of  gold  recovery  and  the  classification  of  the  ore  into  the  pro- 
ducts wliich  these  processes  necessitate. 

From  1887  to  1890  the  only  process  of  extraction  in  opera- 
tion on  these  fields  was  that  of  amalgamation,  supplemented  in 
some  cases  by  blanket  st rakes,  buddies,  and  in  a  few  rare  in- 
stances by  Frue  vanners.  The  products  of  these  accessory  devices 
were  treatcnl  in  Wheeler  or  Berdan  grinding  pans  or  by 
analogous  systems  of  amalgamation,  so  that  the  total  gold 
product  was  the  result  of  amalgamation.  Under  these  circum- 
stances the  value  of  the  ore  was  regarded  as  the  amount  obtain- 
able by  amalgamation — which  was  commercially  true  at  the 
time.  Conversely,  I  have  heard  of  the  tonnage  crushed  being 
computed  by  the  gold  produced  being  divided  by  the  reputed 
value  of  the  ore.  An  excellent  scheme  of  maintaining  grade,, 
but  liable  to  very  cjuick  discovery  and  criticism  if  attempted 
under  present  systems.  Little  account  was  taken  in  most  cases 
of  the  value  of  tlie  residual  sands — still  less  of  .  the  slimes — 
whicli  were  more  commonly  regarded  as  an  expensive  nuisance 
which  it  was  desirable  to  get  rid  of.  One  method  of  getting 
rid  of  the  tailings  I  saw  attempted,  was  to  run  them  into  a 
neighbour's  water  dam.  The  result  was  painful  to  the 
attempter.  In  anotlier  case  Is.  per  Scotch  cartload  was  paid 
for  the  disposal  of  15  dwt.  tailings,  which  were  sold  by  the 
carter  to  the  local  builders.  It  was  a  matter  of  common  con- 
gratulation among  Barberton  mill  men  in  1888  and  1889  that 
thev  were  saved  the  necessitv  of  conservation  of  tailings  by 
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having  a  good-sized,  periodically  flooded  river  to  run  their 
tailings  into.  The  successful  introduction  of  the  cyanide  pro- 
cess by  Mr.  J.  S.  MoArthur  in  1890  materially  changed  these 
views.  The  tailings  carried  away  by  the  Queen's  river  (Bar- 
berton),  or  the  Blyde  river  (Pilgrim's  Best)  would  be  a  com- 
fortable commercial  asset  if  available  to-day. 

Before  discussing  the  important  influence  which  the 
cyanide  process  has  exercised  in  elaborating  methods  of  check- 
ing recovery,  reference  should  be  made  to  the  Plattner  chlorina- 
tion  process,  which  was  early  introduced  on  these  fields  (1890- 
1891),  and  is  still  practised,  as  a  means  of  more  efficiently  deal- 
ing with  the  pyritic  product  of  the  Frue  vanner  and  other 
higher  class  concentrating  devices.  The  checking  of  this  pro- 
duct is  comparatively  simple,  the  high  value  and  comparatively 
small  bulk  warranting  the  expenditure  of  considerable  labour 
to  insure  accuracy.  Two  works  are  in  operation  on  the  Rand 
at  the  present  day :  the  Robinson  Gold  Mining  Company's  and 
the  Transvaal  Chemical  Company's — the  former  mainly  and 
the  latter  entirely  a  custom's  works.  The  method  here  consists 
of  frequent  sampling,  during  weighing,  for  moisture  deter- 
minatidn,  a  large  sample  being  retained  for  quartering  down 
ior  the  determination  of  value.  The  final  sample  is  divided 
into  three,  one  assa3'ed  by  the  seller,  one  by  the  purchaser,  and 
the  third  reserved  for  reference  to  an  independent  assayer  in 
case  of  disagreement. 

The  introduction  of  the  cyanide  process,  with  its  economic 
re-treatment  of  the  whole  ore,  has  necessitated  the  sampling  of 
enormous  quantities  of  ore  continuously.  When  it  is  remem- 
bered that  a  modern  200-stamp  mill  will  crush  1,000  tons  of 
rock  per  day,  and  this  has  to  be  sampled,  not  once,  but  at  a 
number  of  different  stages,  each  of  which  must  be  determined 
with  the  greatest  possible  accuracy,  the  operation  becomes  one 
of  considerable  magnitude.  It  has  led  to  much  ingenuity 
being  displayed  in  the  design  of  automatic  samplers,  and  there 
are  several  varieties  in  use,  each  having  its  supporters,  which 
give  closely  accurate  results.  The  development  to  this  stage  of 
treating  the  whole  of  the  crushed  ore  by  cyaniding  as  well  as 
by  amalgamation  has  been  one  of  evolution,  only  sands  having 
been  treated  in  the  first  instance,  followed  by  the  treatment  of 
rough  concentrates  (produced  by  spitzlutte  or  buddies)  in  1894. 
Various  experiments  on  slimes  treatment  were  made  before  the 
present  decantation  method  was  adopted  in  1896,  notably 
brick-making  and  burning  with  subsequent  dry  crushing  to 
form  a  leachable  product,  and  filter  pressing  in  189'^  (since  so 
successfullv  operated  on  the  rich  slimes  of  Westralia).  Eh  oh 
development  has  brought  with  it  the  necessity  of  further 
checkp,  and  efforts  to  further  perfect  methods  are  continuously 
being  develooed. 

The  first  process  of  reduction  commences  with  the  hand- 
picking — or  sorting — of  the  barren  from  the  gold-bearing  rock, 
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the  pebble  constituent  of  the  latter  forming  the  indicator  by 
which  the  native  sorter  distinguishes  the  ore  from  the  waste. 
The  percentage  sorted  varies  on  different  companies  from 
nothing  to  25  per  cent,  of  the  rock  mined,  the  average  being 
in  the  neighbourhood  of  15  per  cent.  Here  comes  the  first 
need  for  sampling  to  ensure  that  the  rock  eliminated  is  really 
valueless.  It  is  one  of  the  most  difficult  samples  to  obtain 
accurately  on  account  of  the  large-sized  pieces  of  rock  dis- 
carded. I  am  afraid  the  only  economical  means  of  sampling 
this  product  with  absolute  accuracy  is  to  induce  the  local 
county  council  equivalent  to  erect  road-metalling  stations  at 
our  waste  dumps.  So  far  they  do  not  appear  enthusiastic, 
although  the  condition  of  our  roads  proves  the  philanthropy  of 
the  suggestion. 

Samples  of  the  ore  are  occasionally  taken  during  the 
transit  of  the  ore  to  the  mill  and  at  the  feed-chutes,  but  the 
usual  practice  is  to  determine  values  from  a  sample  taken  from 
the  front  of  the  screens — especially  where  inside  amalgamation 
is  not  practised.  The  ore  being  then  pulverized,  a  more  accu- 
rate sample  can  be  obtained  from  a  smaller  quantity  than  is 
possible  from  a  much  larger  sample  of  the  uncrushed  ore.  A 
clever  device,  designed  by  Mr.  Adams,  of  the  General  Mining 
and  Finance  Corporation,  to  take  this  sample  automatically 
has  been  tried,  but  the  excessive  vibration  of  the  mill  rendered 
inoperative  what  would  otherwise  have  been  a  most  useful 
instrument. 

The  pulp  leaving  the  mill  after  amalgamation  is  sampled 
automatically.  The  automatic  device  consists  in  causing  a 
slotted  pipe  to  traverse  the  stream  of  pulp,  either  vertically  or 
horizontallv — the  latter  is  more  accurate— at  intervals  of  time 
(or  cfmtinuously,  as  in  the  lligham  sampler),  the  portion  pass- 
ing through  the  slot  forming  the  sample.  Duplicate  samples, 
before  entering  and  on  leaving  the  elevator  wheel,  are  fre- 
quently taken  to  form  a  check  sample.  Another  automatic 
sample  is  taken  after  concentration,  and  again  after  separation 
of  the  sands  before  entering  the  slimes  plant.  The  spitzluttef 
product  is  usually  hand  sampled.  The  determination  of  values 
of  each  of  these  products  again  after  treatment  gives  the 
residual  value,  and  the  difference  the  extraction.  The  graphic 
diagram  given  on  Plate  III.  of  the  ramifications  of  sampling  and 
gold  determinaticm  necessitated  by  our  present  methods  of  reduc- 
tion will  give  a  more  explicit  idea  of  the  work  entailed.  For 
more  detailed  description  of  surface  sampling  and  its  limita- 
tions, I  would  refer  you  to  an  able  paper  by  one  of  our  mem- 
bers, Mr.  S.  H.  Pearce  (see  p.  750,  vol.  2,  Pioc.  Chemical  and 
Mctalluvfficnl  Society  of  South  Africa). 

The  assaying  of  all  these  samples  must  be  performed  with 
the  greatest  possible  degree  of  accuracy,  as  a  small  error 
multiplied  by  the  large  tonnage  treated  may  mean  a  serious 
discrepancy  of  gold  in  a  month's  run.     It  is  usual  in  modem 
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plants  to  determine  reduction  works'  samples  to  0.05  dwt.  per 
ton,  and  solutions  to  0.025  dwt.  per  ton.  The  determining  of 
the  gold  to  0.05  dwt.  per  ton  is  equivalent  to  the  determination 
of  one  part  in  eleven  millions  six  hundred  thousand,  which 
needs  careful  work,  and  yet  is  equal  to  1^  per  cent,  on  a  4  dwt. 
material,  or  to  £-5,600  worth  of  gold  on  the  tonnage  crushed 
yearly  by  a  modern  200-stamp  mill.  The  important  influence 
of  so  minute  an  additional  recovery  as  one  grain  of  gold 
(0.41G  dwt.)  per  ton  is  not  generally  recognised  by  the  share- 
holding public,  and  yet  is  well  illustrated  by  a  statement  in 
the  last  Rand  Mines'  report,  where  it  is  shown  that  a  slight 
appreciation  in  the  realisable  value  of  gold  during  the  past 
year,  amounting  to  2d.  per  fine  ounce,  eciuivalent  to  two-fifths 
of  a  grain  per  ton  crushed,  had  realised  a  sum  of  £5,240  on 
the  year's  operation  of  that  Corporation.  It  maj'  also  serve  to 
illustrate  the  industrial  axiom  that  the  increased  capital  and 
expenditure  involved  in  skill  and  plant  necessary  to  obtain  the 
highest  possible  degree  of  efficiency,  maj-  be  compensated  many 
times  by  an  improved  recovery,  although  the  amount  of  the 
recovery  as  indicated  by  assay  may  be  within  the  margin  of 
the  experimental  error  in  assaying. 

The  methods  of   assaying  practised   are   practically   those 
of  the  text-books  except  in  a  few  minor  details.     The  use  of 
hydrated  fluxes  {e.g.,  bicarbonate  of  soda,  as  recommended  by 
most  text  books)  is  generally  recognised  as  not  conducive  to 
the  best  work.     The  evaporation  method  of  determining  gold 
in  solution  has  given  way  to  a  large  extent  to  the  more  rapid 
and  accurate  precipitation  method  devised  by  Virgoe  and  im- 
proved by  Whitby.       Besides  those  assays  which  are  directly 
needed  for  the  checking  of    gold    recovery    there    are    many 
"  works  assays  "  needed  for  checking  progress  of  work  and  the 
almost  constant  experimental  working    for    improved    extrac- 
tion.    It  would  be  unfair,  consequently,  to  close    a    paper    of 
this  description  without  expressing  some  appreciation   of  the 
splendid  work  that  is  being  unostentatiously  accomplished  by 
our  Rand  assayers.     The  work  is  exacting,  trying  to  the  con- 
stitution from  the  Tisual  high  temperature  of  the  assay  office 
and  to  the  eyes  from  the  constant  watching  of  furnace  tem- 
perature.    The  constant  repetition   of  similar  operations  ren- 
ders the  work  to  a  degree  monotonous,  yet    there    is    sucli    an 
amount  of  enthusiasm  for  greater  accuracy,  more  rapid  work, 
and  general  advancement  of  metalhirgical  interests,  that  there 
is  scarcely  a  class  of  workers  to  whom  the    Rand    owes    more 
than  to  its  assaj-ers.     No  department's  work  is  affected  to  so 
large   a   degree   by   experimental   work    as   the   assayer's,   and 
none  accept  it  with  such  avidity.     The  conversion  of  the  Ra^id 
from   a  mining  venture  to  an   industrial  proposition,  capable 
of  mathematical  treatment,  is  largely  the  work  of  the  sampler 
and  the  assayer.     It  is  not  onlv  the  work  itself  which  has  ad- 
vanced in  accuracy  and  amoTint  Tinder  pressure  from  improved 
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methods  of  extraction,  but  has  carried  with  it  to  a  large  extent 
the  education  of  the  mining  financial  public  to  an  apprecia- 
tion of  its  great  value.  It  may  be  witnin  the  recollection  of 
some  present,  who  were  here  in  the  early  days  of  the  Rand 
and  Barberton,  how  an  assay  office  was  regarded  bj'  many  as 
an  unnecessary  charge  upon  the  capital  and  current  expendi- 
ture. 

There  is  one  other  matter  which  I  should  wish  to  allude 
to,  which  has  some  bearing  on  reduction  works  checks,  and 
which  is  not  generally  very  perfectly  understood — even  locally. 
That  is,  what  is  usually  termed  "  plant  absorption."  This  will 
alwaj'S  affect  results  over  tliree  or  four  months  after  starting  a 
new  plant,  and  subsequently'  also,  in  proportion,  if  more  stamps 
are  run.  First,  regarding  amalgamation.  Each  plate  will 
absorb  up  to  75  ounces  gold.  This  is  permanently  retained  by 
the  plate  under  ordinary  clean-up  conditions,  and  can  only  be 
recovered  by  scaling.  This,  on  a  200-stamp  basis,  means  the 
permanent  retention  in  the  mill  of  3,000  ozs. 

Taking  the  same  basis,  a  200-stamp  mill,  running  full, 
will  crush  30,000  tons  a  month.  At  the  end  of  that  time 
9,000  tons,  or  30  per  cent.,  will  still  be  in  the  cyanide  plant, 
either  in  collected  form,  or  in  various  stages  of  incomplete 
treatment,  the  gold  of  wliich  cannot  bo  reckoned  upon,  or  only 
partially.  The  daily  amount  of  solution  to  be  precipitated  is 
approximately  2,000  tons,  which  will  require  2,000  cubic  feet 
of  filiform  zinc,  or  approximately  10  tons  of  zinc,  which 
exposes  an  area  to  the  solution  of  about  20  acres.  The  pre- 
cipitated gold  is  distributed  over  this  area  according  to  the 
gold  value  of  the  solutions  passed  through.  The  process  then 
becomes  one  of  concentration,  the  zinc  carrying  the  least 
amount  of  gold  being  brought  forward  to  replenish  the  boxes 
of  richer  solutions  as  the  zinc  of  the  latter  wastes  away,  and 
is  itself  replaced  by  new  zinc.  Estimating  on  the  zinc  re- 
turned to  the  boxes  after  a  clean-up,  amounting  to  75  per  cent, 
of  the  total  box  capacity,  and  carrying,  say,  0.75  per  cent. 
of  gold,  this  means  that  upwards  of  1,500  ounces  are  carried 
over  to  the  following  month,  and,  of  course,  each  succeeding 
month.  It  would  be  extremely  uneconomical  to  destroy  all  the 
zinc  each  month  for  the  purpose  of  recovering  this  gold  imme- 
diately. In  additicm,  there  are  always  gold-bearing  by- 
products prodTiced  in  the  baltery  and  cyanide  works,  which  are 
tisually  only  treated  or  disposed  of  every  few  months,  and 
hence  at  the  start  their  gold  contents  are  not  available.  It 
will  be  plainly  seen  from  this  Ihat  the  recoveries  from  a  new 
and  well-conducted  plant  do  not  represent  the  full  economic 
value  of  the  ore  until  these  absorptions  are  satisfied.  These 
are  by  no  means  gold  losses  but  what,  in  accountants'  par- 
lance, would  be  termed  **  carried  forward." 
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EXPLANATION    OF    PLATE   IIL 

A.  Sample  of  waste  rock. 

B.  Sample  of  ore  to  mill. 

0.  Sample  of  ore  taken  from  front  of  mill  screens. 

D.  Automatic  sample  of  pulp  after  amalgamation.    Difference  between  D  and 

0  equals  gold  extmction  by  amalf^amation. 

E.  Amalgam  recovered.    This  is  retorted  (i.f.,  distilled)  mercury  condensed  for 

re-use.    R&sidHal  spongy  gold  smelted  into  ingots.    Ingots  sampled  and 
assayed  for  pure  (fine)  gold. 

F.  '*  Black  -  Sands.''     Metallic    impurities   separated  from  amalgam   during 

cleaning.      Usually  carries  6  to  15  oz.  gold  per  ton.     Sold  to  smelters 

on  gold  value. 
O.  Spitzlutte   (hydraulic  classifiers).     Separate  heavier  and  coarser  particles 

from  pulp.    Approximately  10  per  cent,  of  total  pulp  and  2^  tmies  the 

value  per  ton  of  sands  (K). 
L  Residue  sample  of  Q  after  cyanide  treatment.    Difference  of  value  between 

Q  and  I  represents  gold  extraction. 
J.  Gold-Cyanide  solution  leached  from  G.    Sampled  on  entering  and  leaving 

zinc-boxes.    Difference  in  value  shows  efficiency  of  precipitation. 
K,  L,  M,  N,  0,  and   P  undergo   the  same  routine  of  feampung  and  deter- 
mination of  gold  values  as  H,  I,  and  J. 
Q.  *' Clean-up"  of   zinc-boxes.     Resultant  zinc-gold  slimes  treated  by  either 

methods  (1)  or  (2   : — 

(1)  Treated  with  dilute  sulphuric  acid   to   remove   zinc.    Washed. 

Residue  smelted  in  clay-lined  ci-ucibles. 

(2)  Smelted    direct    with    litharge    (Pb.O)    and    reducing    agents 

Resultant  auriferous  lead  cupelled. 
(l)and(2)  Resultant  bullion  cast  into  ingots.    Ingots  sampled  and 
assayed.' 
R.  Slags  from  ( 1 )  sold  to  smelters. 

(2)  re-used  if  rich.     Thrown  away  if  poor. 


»»        »» 


&.— THE   EVOLUTIOIIf   IX   THE   TKEATMENT   OF   BY- 
•  PRODUCTS    OX    THE    WITWATERSKAND    GOLD- 
FIELDS. 

By  M.  Tokrexte. 

(Plate  IV.) 

By  the  time  every  metallurgical  operation  has  reached 
finality,  a  certain  amount  of  material  is  left  on  the  metallur- 
gist's hands,  which,  either  through  its  character,  value,  or  cost 
of  handling^  will  not  stand  further  profitable  treatment.  These 
materials,  however,  very  often  contain  considerable  quantities 
of  the  original  metal  which  is  being  exploited,  and,  as  their 
bulk  becomes  almost  mathematically  increased  in  the  course  of 
time,  they  attain  a  very  important  value  in  the  aggregate. 
This  value  is  generally  reckoned  out  per  ton  weight  of  material. 
Although  the  total  amount  accumulated  may  represent  a  small 
fortune,  still,  the  expense  which  would  be  incurred  either  in 
the  erection  and  working  of  the  special  plants  necessary  for 
their  treatment,  or  in  their  transport  to  centres  where  such 
treatment  is  carried  out,  may  be  so  great  as  to  exceed  the  value  of 
the  product,  or  to  render  the  margin  of  profit  very  problemati- 
cal. In  districts  where  the  mines  are  ver>'  much  scattered  and 
far  from  all  means  of  cheap  communication,  it  is  of  common 
occurrence  to  find  such  accumulations,  which,  otherwise,  would 
be  a  source  of  profit.  In  districts  where  the  means  of  com- 
munication are  cheap  or  within  easy  reach  of  a  harbour,  the 
same  products  find  their  way  either  to  some  customs  work  near 
at  hand,  or  to  some  of  the  big  metallurgical  centres  in  Europe 
or  elsewhere.  These  materials  are  known  by  the  generic  name 
of  by-products,  and  it  is  needless  to  say  that  their  nature 
varies  according  to  the  elements  from  which  they  proceed.  By 
the  time  the  amount  of  by-products  accumulated  in  any  mine 
reaches  a  respectable  value,  ft  constitutes  an  asset — very  diffi- 
cult of  realisation  sometimes,  but  nevertheless  an  asset.  To 
extract  the  metals  which  are  contained  in  them  at  a  reasonable 
cost,  so  that  a  profit  may  yet  be  obtained  from  them,  ha»  re- 
peatedly put  metallurgists  more  on  their  mettle  than  all  the 
rest  of  the  metallurgical  work  of  the  mines.  In  spite  of  great 
ingenuity,  failures  are  not  uncommon,  even  after  considerable 
sums  of  money  have  been  spent  in  trying  to  solve  the  problem. 
Still,  successes  also  do  happen,  and  every  one  of  them — no 
matter  how  small — marks  one  step  further  towards  the  ultimate 
object. 

In  a  gold-mining  district  like  Johannesburg,  the  metal 
contained  in  the  by-products  is  naturally  gold,  with  a  small 
percentage  of  silver.  Twelve  or  fourteen  years  ago,  when  only 
a  few  small  batteries  were  in  existence,  and  all  transport  had 
to  be  made  by  waggons  for  a  good  many  miles  and  at  an 
enormous  cost,  the  working  conditions  of  these  gold-fields  were 
such  as  to  render  the  working  of  by-products  out  of  the  ques- 
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tion.  At  Ihitt  time  tlielr  production  was  not  very  considerable, 
und  consisled  priucipally  of  battery  chips  and  elags  from  the 
Bmeltiu}^  of  the  gnhl  burs.  The  average  battery  manager  even 
in  those  daya  knew  that  a  fair  amount  ot  gold  was  carried  in 
these  i-hips,  nn  mutter  how  well  he  wasLeJ  them;  therefore  he 
^neriilly  bagged  them  and  piled  them  up  near  the  mill  to  be 
treated  some  dan.  The  slaga  producedin  the  smelling  of  the 
gold  did  not  fare  C|iiite  so  well,  and.  after  they  had  been 
pounded  fine  and  cradled  for  whatever  shots  of  gold  could  still 
be  obtained,  were  very  often  thrown  away,  in  some  cases 
amongst  the  ashes  from  the  bullion  smelting  furnaces,  or  re- 
turned In  (he  battery  to  be  further  crushed  and  the  liberated 
gold  amalgamated.  (Ither  by-products  at  the  time  were  the 
tailings  produced  by  the  batteries  after  the  amalgamation  of 
the  puln.  Providence  was  very  kind  in  this  case,  and  the  fact 
that  this  most  valuable  asset  was  still  found  on  the  premises 
when  its  treatment  was  rendered  possible  later  on.  was  due  to 
the  flat  Uiiture  of  the  ground,  necessitating  the  then  working 
companies  to  heap  them  up.  If  a  good  fall  of  ground  had 
existed,  in*  some  friendly  ci'eek  or  river  had  been  near  by,  these 
tailing!!  Would  have  disappeared,  and  an  enormous  amount  of 
gold  therefore  lost.  Later  nn,  these  tailings,  which  were  for- 
merly considered  by-products,  became  products  in  themselves, 
giving  up  most  of  the  gold  they  contained  to  the  gentle  per- 
SHasion  of  cyanide  of  potassium.  Although  the  action  of  this 
ehemical  on  gold,  silver,  and  other  metals  was  already  well 
known,  its  successful  industrial  application  to  the  treatment 
of  tailings  ami  other  gold-bearing  materials  is  iindonbtedly 
the  grealeKt  metallurgical  triumph  of  the  last  century  relating 
to  gold.  It  converted  many  ^old-mining  companies  which 
were  on  the  verge  of  bankruptcy  into  most  flourishing  dividend- 
paving  ciincema,  gave  ([uite  a  different  aspect  to  many  doabt- 
ftil  mining  pnipositions,  ami  gave  employment  to  hundreds  of 
men.  The  names  of  Messrs.  Forrest  and  McArthur  will  remain 
household  words  ao  long  a*  tailings  are  treated  with  cyanide, 
which,  to  all  appearances,  will  be  a  long  time  yet. 

Befoif  very  loiig  Ibe  concentrates  which  had  previously 
been  roasled  anri  ihloriiiated  followed  suit  in  the  cyanide  treat- 
laeat,  anil,  last  bui  nnt  least,  the  slimes — or  very  finest  pro- 
duct priMluccil  by  cruahing  the  gold-l>earing  material  in  the 
hatterv. 

The  cyanide  process  gi-eatly  simpliBed  the  metallurgy  of 
Rold.  Tlic  precious  melal  is  pi-ecipitated  from  its  solutions  in 
Tnrious  wnys,  and  although  the  greater  porlion  is  very  quickly 
and  readily  ohtaineil  as  gold  hullinn,  still  the  inevitable  repeats 
itself,  and  further  by-products  of  different  descriplions  are 
l>rodiice(i.  If  the  ijold  hiis  been  precipitated  on  zinc  we  have 
n  slug  piiiitniuing  more  or  less  metallic  gold  throughout  the 
mass  in  show,  and  which  could  be  easily  obtained  by  cradling; 
but  some  gold  is  so  well  aasimilaled  by  (he  slag  itself  as  to 
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render  its  extractions  impossible  by  any  of  the  ordinary  means 
at  one  time  in  use.  I  know  of  a  company  where  the  most 
careful  measures  had  been  taken  to  obtain  the  highest  extrac- 
tion from  the  slags.  A  special  stamp  battery  was  used  for 
the  purpose  of  crushing  them  through  700  mesh  screen,  and 
the  pulp  was  amalgamated  over  special  copper  plates.  A  great 
amount  of  gold  was  recovered  in  this  way,  but  the  pulp,  which 
was  carefully  collected  in  some  settling  vats  placed  below  the 
capper  plates  and  afterwards  bagged,  still  contained  from  10 
to  12  ozs.  of  gold  per  ton.  When  this  company  ultimately 
sold  the  accumulation  of  seven  years,  they  realised  about 
£12,000 — a  no  mean  consideration. 

If  the  gold  from  the  cyanide  solutions  has  been  precipi- 
tated electrically  on  lead  sheets,  the  lead  bullion  obtained 
carries  the  greatest  part  of  the  gold,  which  is  readily  obtained 
by  cupellation,  and  is  of  a  very  high  grade  of  fineness.  The 
resulting  bye-products  are  skimmings,  metallics  from  the 
smelting  operation  and  test  bottoms  from  the  cupellation.  The 
metallics  can  Ik*  added  to  the  lead  when  cupelling,  but  the 
others  require  special  treatment. 

It  will  be  seen  that  every  new  process  produces  its  own 
peculiar  by-products,  and  they  mostlj-  follow  the  same  direc- 
tion, /.r.,  the  smelting  works. 

The  enormous  development  of  the  gold  industry,  and  the 
continuous  incivase  in  working  capacity  at  the  mines,  also  in- 
creased the  by-pr(Hluct  production  very  considerably.  At  the 
time  the  metallurgist  could  not  give  his  attention  to  their 
treatment,  and  only  knew  of  two  kinds  of  by-products,  i.e., 
those  which  wei^e  very  rich  and  could  stand  the  expense  of 
transport,  etc.,  to  Europe,  and  those  which  were  of  low  grade, 
f.r.,  from  10  to  20  ozs.  per  ton,  and  ccmld  not  stand  the  price 
of  transport  at  the  time,  and  therefore  were  accumulated.  So 
far  he  had  only  dealt  with  slags,  etc.,  the  pro<luct  of  smelting 
the  battery  srold.  In  many  cases  this  only  meant  running  the 
I'etorted  srold  into  a  bar  ready  for  banking,  and  for  the  pur- 
pose of  fluxing  any  small  amounts  of  impurities  contained  in 
the  retort  gold,  a  small  quantity  of  borax  was  generally  added, 
therefore  the  proportion  of  slag  in  the  gold  produced  was  very 
small. 

A  Cyanide  clean-up  put  a  different  complexion  on  the 
pn>blem.  To  liogin  with,  after  the  zinc  boxes  were  cleaned 
out  we  were  in  possessitm  of  a  prinluct  containing  an  enormous 
amount  of  zinc  and  other  undesirable  elements,  such  as  silica, 
lime,  alumina,  etc.,  and  the  pert^entage  of  gold  to  the  total 
of  line  gold  slimes  cleaned  up  was  very  small,  seldom  reaching 
5  per  cent.  To  this  a  prt>pi>rtionate  amount  of  fluxes  had  to 
"be  added  to  eliminate  the  zinc  and  other  impurities,  and  there- 
fore the  resulting  slaurs  were  in  enormous  (quantities  compared 
to  the  srold  obtaine*!.  I  have  known  this  proportion  to  be 
something  like  2,000  ozs.  of  gold  to  alM>ut  6  tons  of  slag  pro- 
<luced. 
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Cyanide  works  managers,  metallurgists,  and  others  had  a 
rather  lively  time  at  this  particular  period;  it  was  something 
new  which  had  been  sprung  upon  them.  A  process  which 
enabled  the  amount  of  gold  contained  in  thousands  of  tons  of 
tailings,  etc.,  to  be  caught  into  a  few  tons  of  zinc  at  a  cost 
which,  even  at  that  time,  was  ridiculously  low.  The  precious 
metals  had  yet  to  be  extracted  from  this  mass,  and  all  the 
means  at  that  time  available  were  an  ordinary  plumbago 
crucible  and  a  gold  smelting  furnace.  Nobody,  unless  he  has 
conducted  personally  a  smelting  operation  of  this  description 
under  the  conditions  stated,  can  possibly  imagine  the  enormous 
amount  of  work  it  entails.  To  look  after  three  or  four  15  in. 
furnaces,  and  keep  on  charging  gold  slimes  and  fluxes  from 
morning  till  night,  and  from  night  till  morning,  until  the 
whole  lot  has  passed  through,  is  very  hard  work. 

Once  the  contents  of  the  crucibles  were  molten,  they  were 
poured  into  conical  moulds,  and,  after  cooling,  turned  over, 
and  the  resulting  gold  bullion  detached  from  the  slag. 

This  process  was  much  too  tedious,  and  it  was  not  very 
long  before  big  reverberatory  furnaces  were  built,  into  which 
one  or  two  dozen  crucibles  were  placed  at  the  same  time,  and 
their  contents  smelted  at  one  heat.  It  was  an  improvement, 
but  that  is  all  that  can  be  said  for  it,  as  the  work  connected 
with  the  operation  was  still  very  great,  and  made  no  difference 
to  the  quantity  of  slag  produced  or  crucibles  used.  The  next 
step  was  the  treatment  of  the  zinc  clean-up  with 
sulphuric  acid.  In  good  installations  they  were  covered  with  a 
the  purpose.  In  good  installations  they  were  covered  with  a 
hood  dipping  in  a  water  butt,  which  hermetically  closed  the 
whole  apparatus.  A  tube  led  from  the  top  of  the  hood  through 
the  roof  of  the  building  into  the  air,  and  discharged  the  gases 
produced. 

When  the  operation  was  completed,  the  remaining  slimes 
were  caught  in  a  filter  press,  the  cakes  fluxed  and  smelted. 
This  operation  greatly  diminished  the  amount  of  resulting 
slags,  but  still  their  content  in  gold  was  very  considerable. 
The  resulting  gold  bar  could  only  be  enhanced  in  fineness 
after  a  great  amount  of  trouble,  and  every  operation  produced 
a  subsequent  by-product. 

To  obtain  a  bar  of  a  high  fineness,  many  things  have  been 
tried  with  more  or  less  success.  The  most  successful  method 
is  that  of  Mr.  Crosse,  who  adds  a  small  quantity  of  manganese 
peroxide  to  his  fluxes.  The  resulting  bar  is  undoubtedly  of 
very  high  fineness,  but  it  has  the  drawback  that  while  it 
eliminates  the  base  metals,  it  does  the  same  with  the  silver, 
adding  it  to  the  slags  resulting  from  the  operation. 

The  latest  improvement  consists  in  placing  the  zinc  clean- 
up in  a  reverberatory  furnace,  with  additions  of  litharge  and 
laboratory  slag  or  any  other  convenient  flux.     The  resulting 
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by-product,  which  is  a  slag,  can  be  of  very  low  value  if  the 
operation  has  been  carefully  carried  out.  The  great  drawback 
to  this  operation  is  the  large  quantity  of  gold  which  remains 
locked  in  the  furnace,  and  also  the  heavy  expenses  of  main- 
tenance; it  is  nevertheless  a  great  improvement  on  the  other 
methods  in  use. 

The  litharge  introduced  with  the  charge,  in  being  reduced 
to  metallic  lead,  carries  the  gold  to  the  bottom  of  the  furnace. 
When  the  operation  is  completed,  the  lead  bullion  is  tapped 
into  moulds  and  cupelled — the  resulting  bar  being  merely  com- 
posed of  gold  and  silver — very  seldom  under  900  fine. 

Still  the  work  of  improvement  goes  on,  and  hopes  are 
entertained  that  slags  will  soon  be  produced  which  will  carry 
only  a  nominal  quantity  of  silver  and  gold;  that  a  furnace 
will  be  built  which  will  not  lock  up  any  gold,  and  that  the 
maintenance  will  be  greatly  reduced  as  well  as  the  time  and 
labour  necessary  for  the  operation. 

Such  a  result  would  mean  the  elimination  of  payable  slags 
and  by-products  in  the  mines,  and  nothing  would  please  the 
management  more  than  to  be  able  to  get  at  the  gold  at  once 
after  the  clean-up. 

I  was  obliged,  in  a  way,  to  refer  to  the  Cyanide  process, 
as  it  has  so  far  been  the  most  important  factor  in  the  produc- 
tion of  by-products  in  the  Rand — so  much  so,  that  the  others 
could  almost  be  ignored.  The  past  two  j'ears  have  witnessed 
great  advances  in  this  process.  In  the  near  future  all  other 
by-products  produced  about  a  mine  will  come  under  the  scope 
of  the  cyanide  manager. 

It  may  here  be  interesting  to  specify  the  principal  by- 
products produced  in  a  mine,  viz. — ■ 

hi  connection  with  the  Battery. — Concentrates,  Black 
sands,  Sweenings,  Slags,  Pots,  Ashes,  Battery  chips,  and 
Screenings. 

In  connection  with  Chlorination  \\or1<.^. — Pots  and  Ashes. 

In  connection  with  Cyanide  Worha. — Concentrates,  Sands 
and  Slimes,  Slags,  White  Slimes,  Prussian  Blue,  Scrapings, 
Sweepings,  Skimmings,  Dross,  Litharge,  Brick-dust,  Test 
bottoms,  Siimp  sediments.  Ashes,  Crucibles,  and  Liners. 

As  will  be  seen,  the  list  is  very  considerable,  and  if,  in 
an  isolated  mine,  the  best  has  to  be  made  of  it,  the  recovered 
gold  must  cost  less  than  £4  per  ounce.  In  a  gold  district  of 
the  immense  magnitude  of  the  Rand,  these  individual  accumu- 
lations represent  such  an  enormous  value  that  it  was  not  long 
before  serious  consideration  was  given  to  them.  The  by- 
products were  at  first  disposed  of  to  dealers,  who  bought  them 
on  the  spot  and  exported  them  to  Europe,  or  they  were  shipped 
direct  by  the  companies.  Later  on  the  Rand  Central  Ore 
Reduction  Company  erected  the  necessary  plant  to  deal  with 
them.  The  usual* way  of  dealing  between  the  biiyer  (Rand 
Central)  and  the  seller  was  as  follows :  — 
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TLe  different  by-pinJurta,  properly  marked  and  specilied, 
were  sent  in  by  the  companies  to  thf  reduction  works.  At 
iliB  Hand  Central  they  were  received  by  the  man  in  charge  of 
thf  sumplinj;  fto(ii*9.  A  day  was  appointed  to  do  the  weighing 
aud  eainpling,  for  which  purpose  the  parcels  were  taken  singly, 
Kfiffhed,  spread  on  the  floor,  well  mixed,  and  sampled.  This 
operation  was  pertoruied  in  the  presence  of  the  repi-esentative 
of  the  company  concerned.  The  moisture  was  immediately 
determined  in  a  sample,  and  a  further  one  selected  for  settle- 
ment. This  last  Siiniple  was  taken  in  triplicate,  one  for  the 
buyer,  one  fiu'  the  seller,  anil  one  sealed  by  Iwth  parties  for 
refeivnce  in  case  of  need. 

In  settling  the  purchase  the  average  value  as  ascertained 
hy  assay  between  the  sellers  and  buyer  was  taken  when  the 
differences  ilid  not  exceed  5  per  cent,  ol  the  gold  contents.  If 
the  difference  exceeded  this  figui-e  the  reference  sample  was 
submitted  to  a  bank,  and  the  two  nearest  assays  taken  for 
settlement;  upon  this  result  payment  was  made. 

After  settlement  the  products  were  sent  into  the  pan 
furnace  shed,  or  into  the  blast  furnace  bins,  according  to  their 
contents  in  gold.  Slags  iu  particular,  and  any  products  assay- 
ing over  ;JU  OZ9.  of  gold  per  ton,  were  treated  in  the  pan 
furnace.  In  feeding  the  slags  into  the  pan  furnace  a  certain 
quantity  of  litharge  was  added,  also  a  reducing  agent  such  as 
coal  nr  ground  pliimbagn  crucibles.  The  oilier  by-products 
were  added  in  such  quantities  as  their  nature  would  permit,  bo 
as  to  obtain  a  fluid  slag.  On  reduction  the  litharge  combined 
with  the  precious  metals  contained  in  the  mass,  and  accumu- 
lated at  the  bnilom  of  the  furnace  as  lead.  The  slag  was  drawn 
as  often  as  nei'cssary,  and  when  the  lead  at  the  bottom  of  the 
furnace  was  in  sufficient  quantity  it  was  also  tapped  into 
moulds  and  C()uld  be  immediately  cuijelled.  The  principal  ad- 
vantage of  this  operation  consisted  in  the  production  of  a 
leail  gidil  bullion,  generally  <jf  very  high  grade,  and,  as  the 
I'lipellaliiJii  followed  at  once,  it  did  not  take  long  to  obtain  the 
bar  of  gidil.  This  point  was  most  important,  as  the  very  high 
assay  value  of  the  prudncts  locked  up  quite  considerable  sums 
of  mouey  which  it  was  important  to  release  as  soon  as 
possible. 

The  disadvantages  of  the  operation  were,  tlie  great  wear 
and  tear  of  the  fiirniice,  the  big  amount  of  gohl  locked  in  il 
which  I'ftuhl  not  be  got  at  before  it  completely  broke  down, 
and  the  gold  left  in  the  resulling  slag,  which  generally 
iimnunted  to  from  2  to  4  oks.  The  quantity  of  lead  was  also 
coueidrrable,  amounting  to  from  S  to  10  per  cent. 

This  department— first  established  at  the  Rand  rentral 
about  eight  years  ago — gave  at  the  start  a  good  deal  of  trouble. 
The  principal  ilitttcuhy  experienced  was  in  getting  the  neces- 
sary men  to  ivork  the  department.  Theories?  Everybody 
WM  choke-full  of  them,  but  the  actual   work  teas  &  difierent 
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matter.     When  it  came  to  handling  the  tools,  and  particularly 
to  cupelling,  somehow  nobody  could  be  found  to  do  the  work. 

The  Manager  of  the  Band  Central,  after  convincing  him- 
self that  such  was  the  case,  and  having  exhausted  his  patience, 
saw  no  other  way  out  of  the  difficulty  than  that  of  importing 
a  few  practical  men  from  Europe.  I'hey  came  in  due  course, 
and  kept  the  process  of  making  cupels  a  great  secret,  but  the 
main  thing  was  that  the  work  was  done,  and  done  well.  All 
the  accumulations  of  slags  and  a  few  other  rich  products  were 
soon  disposed  of,  and  the  mining  companies  were  pleased  at 
finding  a  good  means  of  converting  these  bye-products  into 
cash  without  much  trouble  or  delay. 

Presently  attention  was  given  to  all  other  products  which, 
either  through  their  nature  or  contents  in  gold,  would  have 
made  their  work  in  the  pan  furnaces  too  tedious  or  commer- 
cially problematical.  To  deal  with  these  a  blast  furnace  was 
erected,  and  here  the  above  referred  to  products,  often  very 
silicious  in  their  nature,  were  treated.  The  principal  fluxes 
used  were  iron  oxide  and  carbonate  of  lime.  Litharge  and 
galena  pro<luced  the  lead  which  acted  as  carrier  for  the  pre- 
cious metals.  Sulphurets  served  to  produce  a  matte  with  what- 
ever copper  might  be  present.  The  work  of  this  furnace  ren- 
dered possible  the  smelting  of  any  product  which  might  occur, 
but  the  high  price  of  the  coke  used  for  fuel  and  of  tlie  neces- 
sary fluxes  rendered  its  work  very  expensivp.  For  every  ton 
of  by-products,  from  3  to  4  tons  of  fluxes  and  fuel  had  to  be 
smelted,  and  the  margin  of  profit  was  therefore  considerably 
decreased. 

The  slags  produced  by  this  furnace  very  seldom  carried 
more  than  a  few  oennyweiflrhts  of  crol'l  and  silver,  or  more  than 
1  per  cent,  of  lead.  If  of  hiflrher  value  thev  wei^  repassed 
through  the  furnace.  The  lead  priMluced,  which  carried  the 
precious  metals  gold  and  silver  and  a  small  quantity  of  copper, 
was  treated  according  to  requirements.  If  the  flux  galena  was 
abundant,  the  resulting  lead  was  deprived  of  precious  metals  by 
the  Parkes  process.  This  consists  in  melting  the  bars  obtained  in 
cast  iron  pots  of  about  20  tons  capacity.  The  copper  dross  is 
skimmed  off,  and  zinc  is  next  added  to  the  mass  of  molten 
metal.  Zinc  has  the  extraordinary  property  of  seizing  on 
almost  all  the  gold  and  silver  present,  and  bringing  it  to  the 
surface  in  something  like  the  form  of  a  crust,  which  is  skimmed 
off.  This  skim  -composed  of  zinc,  lead,  and  precious  metals — 
is  sent  to  the  pan  furnace  for  the  purpose  of  fluxing  the  zinc. 
When  this  has  been  done,  the  lead  bullion  produced  is  ready 
to  be  cupelled  at  once.  The  zinc  may  also  be  distilled  and  the 
remaining  lead  cupelled  tf>  obtain  the  gold  and  silver. 

If  galena  is  difficult  to  obtain,  then  the  lead  as  it  comes 
from  the  blast  furnace  is  cupelled,  and  the  litharge  produced 
used  again  in  the  blast  furnace  as  ali-eady  descril>ed. 

In  cases  where  the  use  of  galena  i^esults  in  a  gi-eat  excess 
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of  lead  bullion,  this  is  refined  and  converted  into  marketable 
lead  after  the  precious  metals  have  been  withdrawn. 

In  connection  with  the  blast  furnace  work  a  fair  amount 
of  flux  dust  is  produced.  This  necessitates  the  regular  clean- 
ing of  the  flues  and  dust  chambers  where  it  collects.  The 
collected  dust  is  simply  added  to  the  charges  and  returned  to 
the  blast  furnace. 

The  matte  is  also  passed  through  the  furnace  with  the 
object  of  concentrating  it,  and,  when  its  contents  are  considered 
sufficiently  high,  is  shipped  to  Europe  for  further  treatment. 

All  the  refining  which  has  been  carried  out  at  these  works 
has  merely  consisted  in  the  separation  by  cupellation  of  the 
gold  and  silver  from  the  lead  and  other  base  metals  as  far  as 
can  be  done  in  this  operation.  The  bullion  bars  of  gold  and 
silver  have  been  sent  to  Europe  for  disposal  and  further  treat- 
ment. 

A  graphic  table  is  appended,  which  will  show  at  a  glance 
the  course  of  the  by-products,  fluxes,  and  secondary  by- 
products, and  will,  I  hope,  render  the  foregoing  pages  relating 
to  the  Baud  Central  Ore  of  easy  comprehension.     (Plate  I\.) 

With  the  advent  of  the  reverberatory  furnace  (pan  fur- 
nace) in  connection  with  the  smelting  of  the  Cyanide  works 
clean-up,  a  great  step  in  the  right  direction  has  been  made. 
It  enables  the  gold  mining  companies  to  do  closer  work  than 
has  been  done  heretofore,  particularly  if  the  gold  zinc  slimes 
have  been  acid  treated  previous  to  their  smelting.  The  lead 
gold  bullion  which  is  obtained  therefrom  returns,  after  cupella- 
tion, bars  of  gold  and  silver  bullion  of  a  very  high  fineness, 
allows  of  the  treatment  of  most  of  a  mine's  by-products,  and 
produces  slags,  if  the  operation  has  been  well  conducted,  very 
poor  in  the  precious  metals. 

The  results  so  far  achieved  are  by  no  means  small,  and  the 
work  goes  on  nevertheless  unabated,  and  a  good  deal  has  yet 
to  be  done  in  this  particular  direction  before  all  the  problems 
yet  at  hand  have  been  solved.  Will  the  Eand  Metallurgist 
ever  be  satisfied?  I  hardly  think  so.  He  will  keep  on  work- 
ing, and  although  his  progress  may  not  be  quite  so  rapid  as  it 
has  been  heretofore,  every  further  improvement  on  actual  prac- 
tice will  mean  more  gold  for  less  money,  which  it  seems  to  me 
has  been  the  Rand's  motto  from  the  very  start. 

I  have  purposely  left  out  of  this  paper  any  figures,  as  I 
never  intended  it  to  be  statistical.  In  the  proceedings  of  the 
Chemical  and  Metallurgical  Society  of  South  Africa  will  be 
found  all  data  referring  to  almost  every  point  I  have  dealt 
herewith.  I  have  merely  tried  to  review  some  of  the  work 
done  in  connection  with  the  important  problem  of  the  treat- 
ment of  the  by-products  produced  in  this  mining  area. 

The  exceptional  conditions  under  which  we  are  working 
here  allows  us  to  carry  on  our  work  under  the  most  favourable 
conditions.     Money  is  lavishly  spent  on  the  off-chance  of  im- 
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proTemenU  skilled  labour  and  materials  of  the  highest  quality 
are  easilv  obtaisecL  B€>!sides  the  satisfaction  of  having  attained 
a  gtx^l  dejJ  of  perfection  already,  the  interest  is  kept  in  the 
work  at  the  higher  pitch  by  the  knowledge  of  what  is  still  to 
be  done  and  the  friendly  competition  existing  amongst  the 
gt^nerality  of  Kand  Metallurgists  in  their  endeavours  to  for- 
wanl  the  interests  of  the  Mining  Industry  in  their  own  par- 
ticular department.  We  must  also  not  forget  the  great  amount 
of  afisistanoe  obtained  from  outside  sources,  assistance  which  has 
often  proTed  of  the  grreatest  value  to  us. 

Xothing  pleases  us  better  than  the  knowledge  that  we  also 
do  our  besi  to  help  others  working  on  the  same  lines. 


EXPLAXATIOX    OF    PL.\TE     IV 


Tiif-  dnaed  fine  indiaac!?  the  cmir^  followed  by  Uie  precious  metals  contained 
11  tto*  T5-ivniors>  thrmdi  the  diffrrent  department^;  or  metallurgical  operations. 

^  3iificase»  the^diffnent  fluxes  or  resu^ents  added  to  tlie  operations. 

m5caie»  the  difKnviit  prodiKts  out^de  gold  and  silver  resultinc  from 

ilif  ^AesrbX  metaDnipi-al  operations. 
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€.— THE  GENESIS  OF  BUILS;  WITH  SPECIAL  HEFEK- 
ENC'E  TU  THE  SUILS  OF  THE  TKANSVAAL. 

liy  Andrew  F.  Ceosse, 

WLeti  I  was  asked  to  rt^ad  a  paper  befoie  this  section  of 
tile  Assucialioii  I  did  nut  wtt^K  to  take  up  my  iiwu  particular 
flubjiict,  to  wit,  metallurgy,  as  wti  dual  witii  ttkese  qufatioiis  in 
tlie  Chemical,  Metallurgical,  and  Mining  Soeiety. 

I  thouglit.  therefore,  that  it  would  he  of  more  general  in- 
terest if  I  treated  of  a  subject  wliich  has  been  uufortimately 

b  neglected. 

I  little  thought  when  I  started  Upon  this  paper  how  absO" 
lutely  the  essential  points  had  been  neglected  by  the  goveru- 
nieul  authorities. 

In  the  early  days  of  the  Reef  '  wild  cat  "  schemes  were 
sometimes  started,  aud,  I  believe,  batteries  erected,  where  no 
reef  existed.  The  people  who  started  these  "  mines  "  may  have 
made  money,  but  they  were  not  loved  by  their  shareholders. 

Now  what  have  we  done  in  this  country  l'  I  suppose  I  can 
take  up  the  position  of  a  company  shareholder,  since  I  am  a 
tax-payer,  whilst  we  may  regard  the  trovernmeni  as  the  Direc- 
torate. Since  we  took  over  the  country  a  certain  section  of 
the  Government  (or  Directorate)  has  been  most  energetic  in 
advertising  the  desirability  of  the  Transvaal  as  an  agricultural 

firoposition,  especially   soliciting   the   immigration   of   English 
anuers. 

The  first  thin^  a  shareholder  is  enlitleil  to  ask  for  is  the 

ys  of  the  reef  into  which  he  has  put  his  money. 

In   fact,  on   all   our  best-managed  mines  complete  assay 

Slans  are  avtiiiahle,  giving    full    detail    of    the    values    of    all 
eveloped  rock. 

When  I  undertook  to  read  this  paper  I  imagined  that  on 
application  to  the  Agricultural  Department  I  should  be  able 
to  obtain  and  lay  before  you  analyses  of  the  typical  soils  of 
ihe  country,  and  by  these  means,  supplemented  by  comparison 
with  analyses  of  typical  Kuropean  and  American  soils,  be  able 
to  arrive  at  some  lonclusion  as  to  the  agricultural  potentialities 
of  the  country. 

L"n fortunately  however,  up  lo  the  beginning  of  this  year 
no  such  analyses  have  been  made  by  the  Agricoltural  Depart- 
ment.    Criticism,  you  will  agree  with  me,  is  superfluous. 

I  have  therefore,  been  compelled  lo  fall  back  on  the 
•ynlhetic  method.  Starting  from  the  known  rocks  of  the 
Transvaal  and  adjoining  districts  (for  which  knowledge  we  are 
indebted  to  the  research  of  private  members  of  the  Geological 
Society  of  S,A.).  I  shall  endeavour  to  deduce  therefrom  the 
Ssttire  of  the  soils  formed  by  their  disintegration. 

SOILS. 

Soils  in  general  may  be  divided  into  ti 


A.     Soils  formed  i 
'hich  they  rest. 


main  classes  r  — 
from  the    sub- soil   and    rock    on 
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B.  Soils  which  bear  no  direct  relationship  to  the  rock 
underlying  them. 

In  practice  no  hard  and  fast  line  can  be  drawn  between 
the  two  classes  of  soil,  since  aerial  denudation  and  transport  of 
the  attrited  dust  plays,  particularly  in  treeless  countries,  so 
important  a  part  in  ameliorating  various  soils,  although  each 
individual  soil  may  have  had  a  different  origin. 

CLASS  A — SOILS  IN  SITU. 

Such  soils  bear  a  definite  relationship  to  the  rock  from 
which  they  are  formed. 

Speaking  generally  denudation  and  weathering  have  re- 
moved the  more  soluble  portions  of  the  rock  and  fully  oxidised 
the  ferro-magnesian  constituents.  Such  soils  are  formed  by 
the  weathering  of  two  classes  of  rock,  igneous  or  plutonic,  and 
sedimentary  or  stratified  rock. 

Rocks  of  the  former  class  fall  mainly  under  two  heads, 
Acid  and  Basic.  Soils  derived  from  acid  rocks  (granite  and 
syenite)  are  naturally  poor  in  basic  constituents.  Potash  is 
present  only  in  small  quantities,  or  may  be  almost  entirely 
absent.  Phosphates  are  not  of  common  occurrence.  Silicates 
make  up  the  bulk  of  the  soil,  which  hence  tends  to  be  of  a 
sandy,  friable  nature ;  these  soils  may  be  coloured  red  from  iron, 
but  more  often  owe  their  colour  almost  entirely  to  organic 
matter. 

In  some  cases  where  the  parent  rock  contains  much  alumina 
the  soils  may  be  clayey.  The  great  China  clay  deposits  of 
Cornwall,  Dresden,  and  Northern  China  are  in  truth  soils 
formed  in  situ  b}'  the  dissolving  away  of  the  soluble  con- 
stituents of  the  granites  upon  which  they  rest. 

Speaking  generally,  granite  soils  are  poor  and  thin.  In 
some  cases  they  may  be  improved  by  the  addition  of  phosphates. 

Large  tracts  of  moorland  country  in  Germany  have  been 
brought  under  cultivation  by  a  liberal  use  of  **  basic  iron  slag," 
carrying  about  2.5  per  cent,  phosphoric  acid. 

In  the  northern  hemisphere  such  acid  soils  are  mostly 
covered  only  with  whin  and  gorse :  as,  for  example,  the  Dart- 
moor tors  and  the  granitic  Highlands  of  Scotland. 

In  this  country  large  areas  are  covered  by  granite  "  bosses," 
and  in  all  cases  the  soils  derived  from  these  rocks  are  poor  and 
thin. 

Large  areas  of  such  soil  exist  between  Johannesburg  and 
Pretoria,  around  Yredefort  in  the  Orange  River  Colony,  and  up 
in  the  bush-veld,  where  enormous  areas  of  granite  occur.  In 
the  latter  locality  the  soils  are  poor,  except  in  the  valleys  and 
where  basic  rock  intrudes  through  the  granite.  I  regret  that 
no  analysis  of  these  soils  are  available. 

Granites  containing  mica  give  rise  to  soils  of  average  fer- 
tility, the  mica  supplying  the  alkalies  and  alkaline  earths  need- 
ful to  plant  life. 
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Such  granites  are,  however,  not  found  in  bulk  in  this 
country,  in  the  low  country  fair-sized  areas  of  mica  granite 
occur,  capable,  under  suitable  conditions,  of  forming  soils  of 
average  fertility. 

SOILS  DERIVED  FKOM  BASIC  ROCKS. 

The  chief  basic  rocks,  which  fortunately  for  the  agricul- 
ture of  the  world  are  widely  distributed,  are  diorites,  gabbros, 
diabases,  and  basalts,  including  also  those  various  volcanic 
rocks  known  as  **  Traps." 

These  rocks  are,  as  the  name  implies,  comparatively  rich 
in  ferro-magnesian,  calcium,  and  potash -forming  minerals. 

They  are  readily  weathered,  and  give  free  rich  soils.  The 
greatest  corn  country  of  India,  that  of  the  Deccan,  is  composed 
of  basic  rocks  of  volcanic  origin,  which  form  the  huge  plateau 
of  the  Deccan. 

The  soil  of  the  Champagne,  Moselle,  and  Burgundy  Pro- 
vinces of  France  are  derived  from  basic  volcanic  rocks,  as  also 
the  rich  soils  of  Southern  Italy,  on  which  the  finest  vines  are 
grown. 

The  lavas  which  from  time  to  time  poured  down  the  flanks 
of  Vesuvius  and  neighbouring  cones  are  to-day  the  source  of  the 
richest  soil  of  Italy.  In  Scotland  the  richest  soil  is  that  formed 
from  trap  rock,  which  covers  the  Lowlands,  and  the  break  is 
very  noticeable  where  the  traps  give  place  to  the  granites  of  the 
Highlands. 

Such  soils  contain,  in  addition  to  the  silica,  alumina  and 
soda  of  soils  derived  from  granites,  much  lime,  magnesia,  and 
iron  oxide,  and,  if  the  rock  contains  much  felspar,  a  due  pro- 
portion of  soda  and  potash  salts. 

Speaking  broadly,  it  may  be  said  that  whilst  granite  soils 
are  eminently  unfertile,  soils  derived  from  basic  (Hornblendic) 
rocks  are  eminently  fertile. 

Unfortunately  the  basic  rocks  in  this  country  cover  only  a 
small  area. 

The  Klipriversberg  and  other  amygdaloidal  diabases  which 
occur  in  this  country  offer  perhaps  the  greatest  potential  sources 
of  good  soil. 

The  fertility  of  soils  derived  from  outcrops  of  these  rocks 
is  known  to  be  above  the  average. 

In  the  bush-veld  the  acid  rocks  are  freely  intruded  through 
by  pegmatite  and  nepheline-bearing  rocks.  Hence  the  soil  of 
the  river  valleys  is  usually  fairly  rich. 

The  Marico  country,  where  several  intrusifs  of  nepheline 
syenite  are  known,  is  a  good  corn  country. 

So  too,  the  soil  in  the  valleys  of  the  Pilandsberg,  Enzilsberg 
and  Zoutpansberg,  in  all  of  which  basic  rocks  are  found, 
in  some  plenty,  is  far  richer  than  the  soils  of  the  high  bush- 
veld,  where  jrranite  ridges  and  kopjes  break  through  the  ihin 
layers  of  sandv  soil. 
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The  valleys  of  the  Ma^liesberg,  the  garden  of  the  Trans- 
vaal, are  deep  in  red  silt  brought  down  from  the  hilly  country, 
in  some  cases  the  rivers  run,  in  the  dry  season,  through  deep 
cuttings  in  the  rich  red  silt. 

Rustenburg  is  perhaps  one  of  the  most  fertile  places,  and 
possesses  a  rich  red  soil,  probably  derivative  from  the  denuda- 
tion of  basic  intrusifs. 

In  this  connection  I  quote  from  a  valuable  paper  read  by 
Dr.  Hatch  before  the  Geological  Society  of  S.A.  on  the  Geology 
of  the  Marico  District. 

"  North  of  the  Zeerust  Hills  the  true  bush-veld  begins,  the 
surface  of  the  country  being  covered  more  or  less  thickly  with 
scrub  and  bush,  consisting  chiefly  of  various  species  of  thorn 
trees,  together  with  Beukenhout,  Olivenhout,  Syringa,  Tam- 
booti,  and  Hartekol.  In  general  the  Marico  District  may  be 
taken  as  an  example  of  the  close  relation  existing  between 
geology,  physiography,  and  agriculture;  the  well-watered, 
thickly-wooded,  fertile  and  populous  Marico  District  being  prac- 
tically co-terminous  with  the  synclinal  area  with  its  diversified 
slate,  quartzite,  limestone,  and  basic  igneous  formations.  Out- 
side the  limits  of  the  syncline,  and  across  the  borders  of  the 
Protectorate,  we  find  a  rolling  granite  country,  comparatively 
speaking  treeless  and  waterless;  a  grazing,  not  an  agricultural 
country,  and  inhabited  almost  exclusively  by  native  races." 

Dolerites  occur  in  intercalated  sheets  in  the  Karroo  Series, 
and  attain  a  maximum  thickness  of  300  feet. 

The  Eastern  Transvaal  is  largely  overlain  by  the  Karroo 
beds,  but  the  outcrops  of  the  dolerites  are  uncommon,  and  do 
not  present  any  very  large  area. 

In  another  age,  when  denudation  lays  bare  these  vast 
dolerite  sheets,  now  covered  by  hundreds  of  feet  of  newer  series, 
the  soil  of  the  present  O.R.C.  should  be  of  exceptional  fertility, 
seeing  that  the  O.R.C.  is  covered  by  the  Karroo  beds.  Unfor- 
tunately that  period  is  too  far  distant  to  be  of  more  than  the 
most  remote  theoretical  interest. 

SOILS    DERI\^.D    FROM    AQUEOUS    (sTRATIFIED)    ROCKS. 

Here  again  the  general  character  of  the  soil  is  that  of  the 
rock  from  where  it  is  derived,  but  no  such  simple  classification 
is  possible  as  is  the  case  of  the  igneous  or  plutonic  rocks.  One 
may,  however,  divide  these  rocks  into  two  classes — *'  Detrital," 
e,(j..  sandstones  and  clays,  and  **  Calcareous,''  such  as  chalks  and 
dolomites;  the  former  class  may  be  considered  as  derivative 
soils  (using  the  word  in  a  wide  sense)  deposited  under  water. 

By  subaerial  disintegration  they  are  resolved  back  into 
their  several  constituents,  plus  such  mineral  matter  as  may  have 
percolated  into  them  during  the  period  of  quiescence  they 
passed  in  the  form  of  rock. 

In  this  manner  the  phosphates  of  the  **  Cambridge  green 
sand  "  represent  the  detritus  of  former   glauconitic   marls   and 
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chmlks,  eroded  by  and  laid  down  by  the  sea  in  Cietaeeoos  dayss 
and  after  ages  of  qoiescence  thrown  up  to  the  earth*s  surface* 
where  by  their  weathering,  they  provide  phosphates  for  the 
plants  of  another  age. 

Sandstones  are  usually  unproductive  of  good  soO«  consist* 
in^  as  they  do.  mainly  of  silica,  the  soluble  salt  of  the 
rocks,  from  whence  they  were  originally  derived,  having  been 
long  wasted  away. 

The  basement  rock  of  South  Africa  is  granite,  which  ex> 
tends  from  the  Cape  to  the  Zambesi,  here  and  there  asserting  its 
presence  by  means  of  huge  bosses,  examples  of  which  we  have 
already  noticed. 

It  is,  then,  only  natural  that,  having  r^ard  to  the  original 
rock,  from  which  in  all  probability,  the  aqueous  rocks  were  de- 
rived, we  should  find  that  those  areas  covered  with  grits,  sand- 
stones, and  other  aqueous  rocks  are  of  no  potential  value  to 
agriculture. 

The  Waterberg  sandstone,  which  covers  an  immense  area 
in  the  Northern  Transvaal,  is  about  as  unproductive  as  the 
English  millstone  grit,  and  the  sandstone  portions  of  the 
Karroo  Beds  are  almost  equally  valueless. 

Clays  give  rise  to  a  large  variety  of  soils,  particularly  on 
outcrops  against  chalk  or  sandstone. 

Clavs,  however,  do  not  occur  in  bulk  in  the  Transvaal,  and 
we  may   therefore,  neglect  them. 

Shales,  as  may  be  seen  from  a  casual  inspection  of  a  geo- 
logical map  of  the  Transvaal,  occupy  large  areas:  in  chemical 
composition  they  are  little  different  to  the  sandstones,  indeed 
many  of  them  are  virtually  quartzites. 

These  shales  are  very  free  from  organic  matter.  Speaking 
generally,  one  is  compelled  to  say  that  the  aqueous  or  sedimen- 
tarv  rocks  of  the  Transvaal  are  of  little  or  no  )>otential  value  as 
soil  producers. 

CALCAREOUS    AND   DOLOMFFIC   POCKS. 

True  chalks  do  not  occur  in  the  Transvaal.  This 'is  un- 
fortunate. The  Transvaal  is  most  unfortunate  in  its  selection 
of  rocks,  viewed  from  the  agriculturist's  point  of  view,  for 
chalks  always  contain  a  certain  proportion  of  silica  and  phos- 
phate, and  by  this  slow  weathering  (chiefly  due  to  the  solvent 
action  of  carbonic  acidK  leave  behind  a  thin  layer  of  rich 
phosphatic  soil. 

The  dolomites  are  easily  disintegrated,  but  their  porous 
nature  allows  the  soluble  constituents  to  be  washed  out  bv  sub- 
terranean  drainage. 

Contact  soils  formed  where  granites  outcrop  through  dolo- 
mite should,  if  they  can  be  kept  moist,  prove  fertile.  Dolomite 
soils  are  always  dry  on  the  surface,  drainage  beins:  very  eflicient 
in  such  formations. 

Such  soils  occur  over  large  ranges  of  country  in  the 
Western  Transvaal. 
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They  are  not  distinguished  by  any  particular  fertility,  or 
the  reverse.  The  Western  Transvaal  possesses  a  painful  uni- 
formity in  this  respect. 

One  rides  over  miles  and  miles  of  rolling  grass  land,  the 
staple  product  being  Kaffir  corn  and  mealies,  and  these  only  in 
patches.  Where  aqueous  rocks  break  through  the  dolomite,  or 
dolomite,  fairly  rich  soils  are  formed,  if  they  can  be  watered. 

The  valley  of  the  Schone  Spruit  by  Sterkstroom  is  excep- 
tionally fertile ;  it  is  on  the  line  of  outcrop  of  the  dolomite,  and 
well  watered. 

At  Lichtenberg,  in  the  Western  Transvaal,  the  dolomite 
soils  form,  when  irrigated,  exceptionally  good  potato-growing 
soils. 

The  soils  are  however,  very  shallow,  and  can  in  few  cases 
be  adapted  to  the  deep  culture  required  for  potatoes. 

Good  cereal  crops  appear  to  be  raised  in  the  parts  of  Lich- 
tenberg accessible  to  the  water  furrows.  Many  of  the  farmers, 
however,  are  handicapped  by  the  want  of  a  proper  rotation  for 
these  crops ;  the  leguminiferae  might  be  included  in  a  two-year 
rotation  with  advantage,  as  they  supply  a  large  amount  of 
nitrogenous  matter  to  the  soil.  It  is  customary  to  grow  two 
crops  per  year  on  the  irrigated  lands  in  these  richer  districts. 

The  constant  growing  of  cereal  crops  has  had  an  injurious 
effect  on  the  land;  irrigated  land  is  too  valuable  to  lie  fallow, 
and  I  doubt  if,  in  this  dry  climate,  fallowing  would  be  of  any 
real  gain,  as  nitrification  requires  not  only  warmth  but 
moisture.  Nothing  is  more  fatal  to  the  germs  of  nitrification 
than  prolonged  exposure  to  the  sun  in  dry  soils. 

It  is  a  point  amongst  many,  which  might  well  be  investi- 
gated by  the  Agricultural  Department. 

DERIVATIVE    SOILS. 

So  much  for  soils  in  situ;  we  now  pass  on  to  the  considera- 
tion of  derivative  soils. 

These  soils,  as  the  name  implies,  are  derived  from  rock  or 
soils  occurring  in  some  other  district,  and  have  no  relation  to 
the  rock  directly  underlying  them.  Xo  hard  and  fast  line  can 
be  drawn  between  the  two  classes  of  soil,  since  all  soils  in  situ 
owe  something  to  wind-borne  dust,  and  all  purely  derivative 
soils  owe  certain  constituents  to  underlying  rock. 

The  chief  agents  of  denudation  and  transport  are  changes 
of  temperature,  wind,  and  rain;  we  may  briefly  consider  their 
action,  and  the  general  type  of  soil  produced  by  their  agency. 

Soils  in  situ,  as  we  have  seen,  are  formed  by  the  weathering 
of  the  rock  under  such  condition  as  may  prevent  the  removal  of 
the  disintegrated  portions.  It  follows  then,  that  the  composi- 
tion of  derivative  soils  is  dependent  on  the  nature  of  the  rock 
from  whence  they  are  derived,  but  they  differ  in  this  important 
respect  from  soils  in  situ,  viz. :  Soils  in  situ  have  only  one  type 
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of  rock  to  serve  as  a  base,  whilst  derivative  soils  may  be  derived 
from  several  types  of  rock. 

WIND-BORNE    SOILS. 

These  soils,  which  cover  numerous  areas  in  Eastern  Europe, 
China,  and  America  (where  they  are  known  as  Loess  and  Adobe 
respectively),  are  unfortunately  unknown  in  South  Africa. 

They  require  for  their  formation  long  periods  of  prevailing 
winds  blowing  across  highly  desiccated  country,  free  of  vegeta- 
tion. 

The  Loess  of  China  is  in  places  2,000  feet  deep,  and  has 
completely  altered  the  original  contour  of  the  country;  valleys 
have  been  obliterated,  the  streams  having  cut  deep  gorges 
through  the  yellow  loam,  producing  secondary  drainage.  It 
also  occurs  in  even  greater  thickness  in  America.  Strictly 
aeolian  soils  do  not  occur  in  this  country.  The  Kalahari  coun- 
try, the  nearest  approach  to  the  steppe  conditions  formed  in 
South  Africa,  is  too  thickly  grass-grown  to  give  rise  to  dust 
storms  of  any  magnitude. 

Local  dust  storms,  of  course,  occur  all  over  the  country, 
particularly  in  Johannesburg,  but  their  effect  is  too  slight  to 
play  any  important  part  in  ameliorating  the  condition  of  the 
soils. 

Aeolian  deposits  are  entirely  absent  in  the  Transvaal. 

WATER-BORNE    SOILS. 

As  you  all  know,  rivers  rising  in  high  ground  lose  their 
initial  velocity  when  they  descend  to  the  plains,  and  hence 
deposit  the  major  portion  of  the  silt  they  bring  down  from  the 
hilly  country. 

The  "  flood  valley  "  of  a  river  is  the  usually  most  fertile 
portion  of  its  course,  and  as  the  river  works  downwards  it  leaves 
terrace  on  terrace  of  rich  alluvium.  The  value  of  alluvium  as 
soil  is  obvious. 

Derived  from  various  rocks,  enriched  by  organic  matter, 
hydraulically  separated  from  all  heavy  rock  particles,  it  is 
spread  in  layers^on  ther  flood  valle}'. 

It  is  as  though  the  rivers  were  huge  carriers  tearing  away 
after  every  flood  in  the  hilly  country*,  all  the  decomposed  and 
weathered  rock,  siftii\g  out  the  coarse  particles,  mixing  up 
organic  matter,  and  finally  spreading  it  out  in  the  low  count ry. 
The  composition  of  alluvium  is  an  epitome  of  all  the  rock  and 
soil  traversed  by  the  river  which  has  deposited  it. 

Unfortunately  alluvial  soils  of  large  extent  are  unknown 
in  this  country.  We  have  nothing  to  compare  with  the  Inicre 
alluvial  deposits  of  Egypt,  of  tbe  Ganges,  or  Mississippi-Mis- 
souri Deltas. 

True,  along*  the  Yaal  are  found  alluvial  soils,  but  this  allu- 
vium is  not  of  good  quality,  being  derived  from  granite  and  acid 
rocks.  In  the  hilly  country  of  the  N.TV.  Transvaal,  as  I  have 
already  pointed  out,  local  deposits  of  rich  alluvium  are  found. 
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uiul  are  responsible  for  the  fertility  of  the  river  valleys. 

In  the  low  country  alluvium  occurs  in  some  plenty,  but 
the  climatic  conditions  are  against  successful  agriculture,  at 
any  rate  as  far  as  the  agriculturist  is  concerned. 

GENERAL   REMARKS. 

It  will  thus  be  seen  that,  speaking  generally,  there  is  little 
prima  facie  evidence  in  favour  of  the  existence  of  large  tracts 
of  fertile  soil  in  this  country. 

It  remains  now  to  consider  the  influence  of  climatic  condi- 
tions on  the  soil. 

The  climate  of  the  Central  Plateau  is,  as  you  are  aware, 
extremely  uniform. 

For  nine  months  of  the  year  the  land  is  dry  and  sun- 
cracked.  Heat  there  is,  in  plenty,  during  the  day,  but  moisture 
none. 

Hence,  during  these  months  there  is  little  scope  for  those 
most  useful  of  organisms,  the  bacteria,  which  induce  nitrifica- 
tion. 

The  conditions  for  rapid  nitrification  are  warmth  and 
moisture.  Hence,  during  nine  months  of  the  year  nitrification 
is  virtually  a  negative  quantity,  and  the  soil  loses  the 
effect  of  the  greatest  agent  of  nature  for  the  fertilisation  of  soils. 

For  the  other  three  months  it  rains,  generally  in  heavy 
down-pours,  which  wash  the  surface  of  the  land  and  carry  off 
such  nitrates  as  may  have  been  formed  at  the  surface  of  the  soil. 
I  do  not  think  that  the  Agricultural  Department  could  find  a 
moi*e  useful  subiect  for  that  investigation  than  the  influence 
oi  the  sun  on  nitrification  in  particular  and  on  the  soil  in 
general. 

I  think  that  they  will  find  that  our  "  pale,  dry,  healing 
blue  "  is  not  altogether  an  unmixed  blessing;  having  arrived  at 
some  definite  conclusion,  it  will  be  for  them  to  propose  a  i*emedy, 
either  natural  or  artificial. 

The  popular  idea  is  that  all  we  require  is  irrigation ;  now 
1  maintain  (and  until  the  Agricultural  Department  disproves 
my  deduction  by  actual  n^sults  obtained  I  consider  that  I  am 
justified  in  maintaining^  that  lai^^  tracts  of  land  in  this 
country,  which  offer  no  insupei*able  engineering  difficulties  in 
the  way  of  irrigation,  although  involving  large  sums  of  money, 
could  newr  rt^pay  the  initial  exponditui^e. 

To  obtain  successful  n^turns  from  irrigated  lands,  either 
tl^e  st^il  must  W  rich  enough  to  stand  increased  demands  upon 
it,  or  such  constituents  as  it  may  lack  must  be  added  to  it. 

Thest*  deficiencies  may  be  met  either  chemically  or  natur- 
ally: for  instaniv,  nu^t  of  you  an^  a  wart*  that  the  leguminiferae 
are  capable  of  al^stracting  nitn^gen  from  the  air  and  so  enrich- 
ing the  soil  but  no  natural  process  is  captible  of  supplying 
phosphates  or  alkalies. 

At  the  ct>mmentHuuent  of  this  piiper  I  made  a  few  general 
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reiimrks  cuacerniiig  "  wUd  cats"  and  similar  prupusitJuns.  I 
du  not  wisli  to  say  that  agriculture  in  this  ouuutry  is  a  "  wild 
cat  ";  far  from  it,  for  we  do  know  of  the  existence  of  many  rich 
pockets:  but  I  do  say  that  (to  maintain  our  analogy)  that  is  an 
extremuly  "  low  grade  "  proposition,  and  results  obtained  from 
a  few  ■'  jiockets  "  must  not  blind  its  to  that  fact,  and  it  Is  well 
that  the  Directorate  (in  our  case  the  Government)  should  fully 
realise  the  fact. 

I  thiuk  it  a  very  important  thing  that  the  real  value  of 
this  country  should  he  thoroughly  realised  both  by  the  Kouie 
Government  and  by  the  more  intelligent  of  the  British  tax- 
payers. ]ly  "  value  "  I  mean  butli  the  mineral  aud  agricultural 
value  (if  the  cnuutry. 

Thero  has  been  a  decided  tendency  on  the  part  of  several 
well-known  writers  to  over-estimate  the  mineral  resources  of 
(he  country.  The  value  of  the  gold  in  the  Transvaal  has  been 
worked  Dut  to  figures  of  gigantic  dimensions,  and  I  am  quite 
certaiu  that  we,  at  present  living  in  the  country,  are  suffering 
from  this  cause.  The  taxes  which  we  have  to  pay  could  be 
easily  borne  if  we  wei-e  only  in  that  theoretical  position  to  which 
the  possession  of  such  enormous  potential  wealth  entitled  us, 

I'nfortunately  betwixt  theoretical  and  practical  jaeld  there 
is  a  great  gulf  fixed. 

We  measure  our  veld  by  the  million  aci-e,  and  your  unin- 
formed Home  expert  on  South  African  affairs  divides  the  land 
into  fifty-acre  plots  and  dreams  of  a  contented  farmer  and  his 
family  subsisting  on  each  plot. 

Need  1  dwell  on  the  folly  of  such  schemes? 

The  voortrekker.  with  his  farm  of  four  to  six  thousand 
acres,  and  sufficient  Kaffir  labour,  undoubtedly  made  farming 
pay.  but  owing  to  the  well-known  reproductive  power  of  the 
Boers,  and  the  absence  of  any  law  of  primo-geniture,  the  size 
of  these  farms  is  decreasing  in  a  geometric  ratio,  and  to-day, 
in  the  leas  fertile  districts,  the  sons  of  prosperous  voortrekkers 
are  redurcd  almost  to  the  condition  of  the  Irish  peasantry,  and 
gain  but  bare  subsistence  from  the  unkindly  soil. 

It  is,  then,  the  boundenduty  of  Government  to  thoroughly 
sindy  the  position  of  things  and  estimate  facts  at  this  true 
value. 

God  forbid  that  well-meaning  enthusiasts  with  no  local 
knowledge  should  introduce  the  Knglish  yeoman  farmer  tj^pe, 
only  to  reduce  them  to  the  level  of  the  Bijwooner  class.  The 
lower-class  Boer  is  a  product  of  his  environment.  The  indis- 
mminate  settling  of  small  farmers  in  this  country  would  only 
lead  to  an  inci'ease  in  a  class  already  too  numerous  and  of  no 
value  to  the  State. 

It  is  the  duty  of  those  to  whom  is  committed  the  building 
(if  nations  to  see  that  the  foundations  of  the  State  are  free  from 
all  weakness.  M'eHkiiess  in  the  superstructure  may  be  reme- 
died: weakness  in  the  foundations   demands,   sooner   or   later* 
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complete  reconstruction.  Generally-  speaking,  agriculture  is 
not,  in  this  country,  a  pa^'ing  concern,  yet  I  think  that  scientific 
farming  on  a  fairly  large  scale  would  i*aise  the  status  of  the 
agriculturalists  and  eventually  could  maintain  a  large  class 
comparable  to  the  3'eoman  class,  to  whom  England  and  her 
Colonies  owe  and  have  owed  so  much. 

If  we,  of  the  Transvaal,  are  ever  to  become  a  nation,  the 
existence,  the  assertive  existence,  of  such  a  class  is  of  absolute 
necessity. 

Mineral  wealth  alone  can  never  make  a  nation. 

This  countrj^  has  been  richly  endowed  with  gold,  diamonds, 
and  other  minerals,  but  one  must  not  forget  that  everj-  ton  of 
mineral  matter  removed  leaves  so  much  less  behind.  For  this 
and  other  economic  reasons  I  consider  it  to  be  the  duty  of  the 
Government  to  intelligently  foster  agriculture,  by  applying 
some  of  the  money  obtained  by  the  taxation  of  the  mineral  in- 
dustry to  the  furtherance  of  this  object.  So  that,  in  that  day 
when  the  last  "  deep-deep  level  "  has  been  worked  out  a  lasting 
monument  to  the  industry  may  be  left  in  the  form  of  a  great 
agricultural  industry. 

I  should  like  to  see  a  map  of  the  Transvaal,  showing  the 
agricultural  value  of  the  soil  in  various  localities,  also  giving 
average  rainfall  and  other  data.  The  establishment  of  small 
experimental  farms  in  different  localities,  not  only  in  localities 
of  known  fertility  as  is  the  present  svstem,  would  also  help  to 
determine  the  most  deductive  methods  for  the  different  condi- 
tions obtaining. 

Science  enables  us  to  cultivate    land    barren    to    previous 
generations;  let  us  therefore  call  to  our  aid  all  that  science  can 
give,    supplemented    by    intelligent    adaption  to  local  circum- 
stances.       The   population   of   the    temperate    zones    increases 
rapidly,  particularly  the  population  of  our  Empire.     Each  day 
sees  our  Empire  more  dependent    on    external    f(»()d    sources. 
Here  in  the  Transvaal  we  have  huge  possibilities  for  scientific 
farming  on  a  large  scale.     The  yield  per  acre  will  be  small,  but 
South  Africa  is  large.     Our  own  population  is  increasing.     We 
all  hope  to  see  it  increase  yet  more  rapidly,  if  this  Colony  is  to 
form  a  real  unit  of  the  Empire.     It  is  necessary,  therefore,  to 
make  adequate  provision  for  the  future,  remembering — 
"  After  us  cometh  a  multitude : 
Prosper  the  work  of  our  hands. 
That  we  mav  feed  with  our  land's  food 
The  folk  of  all  our  lands.'' 

It  may  be  that  some  will  consider  that  I  have  adopted  an 
altogether  too  pessimistic  tone.  Believe  me,  whatever  motive 
may  have  influenced  my  remarks,  that  of  pure  pessimism  did 
not.  When  I  reflect  upon  the  sacrifices  which  this  country  has 
demanded,  the  heroism,  the  hardships  of  the  Yoortrckkei^s. 
pioneers  second  to  none  of  all  those  whom  fate  has  sent  and  still 
sends  to  explore  the  unknown  lands,  to  mark  the  first  trail  that 
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in  time  becomes  the  highway  of  a  nation  ;  of  the  cost,  not  to  be 
measured  in  millions,  of  the  late  war,  I  feel  that  in  the  Eternal 
Fitness  of  things  some  great  end  must  attain  from  this  sacrifice. 

It  is  because  1  believe  that  we  can  build  a  nation  here,  be- 
cause I  believe  that  the  agriculturist  will  be,  must  be,  the  back- 
bone of  that  nation,  that  I  have  endeavoured  to  point  out  some 
of  the  difficulties  which  beset  those  who  would  try  to  force  this 
class  into  being  before  the  times  are  ripe. 

For  fifty  years  this  country  has  waged  intermittent  war- 
fare against  external  and  internal  forces,  but  now  we  have 
entered  upon  a  longer,  sterner  war,  the  fight  with  Nature.  We 
have  entered  upon  that  long  contest  wherein  successes  are  few, 
wherein  the  end  is  but  slowly  attained,  but  whereby,  I  believe, 
we  shall  attain  the  victory. 

My  thanks  are  due  to  my  assistant,  Mr.  Gerard  W.  Wil- 
liams, for  the  material  assistance  which  he  has  given  me 
in  the  compilation  of  this  paper,  more  especially  in  the  geologi- 
cal portion. 


7.— THE  CHEMICAL  INDUSTRY  OF  THE  TRANSVAAL : 

A   FORECAST. 

By  W.  Cullen. 

The  Gold  Mining  Industry  of  the  Transvaal  is  such  a  large 
factor  in  the  country's  prosperity,  that  we  occasionally  forget 
the  possibilities  of  others.  Chemical  industry  is  at  present 
represented  by  the  Dynamite  Factory  and  the  Chemical  Works 
near  Boksburg,  and  neither  of  these  works  would  have  been  in 
existence  to-day  had  it  not  been  for  a  measure  of  protection 
granted  them  by  the  old  regime. 

Outside  these  two  concerns  there  is  practically  no  other 
chemical  industry.  True,  a  small  soap  factory  carries  on  a 
precarious  existence,  and  a  glass  factory  has  recently  been 
started  in  the  neighbourhood  of  Johannesburg.  The  Hatherlj- 
glass  factory  is  now  closed  down,  and  the  same  remark  applies 
to  the  famous  distillery.  The  cement  works  at  Daspoort,  which 
are  equipped  with  modern  plant,  now  make  an  excellent 
cement,  which  compares  favourably  with  the  best  European 
brands.  The  factory  is  built  on  an  excellent  clay  deposit,  and 
the  lime  is  found  in  the  immediate  neighbourhood. 

Beer-brewing  is  an  important  industry,  and  is  daily  becom- 
ing more  so,  but  it  is  not  generally  referred  to  as  a  chemical 
industry. 

This,  then,  exhausts  the  not  very  formidable  list  of  Trans- 
vaal chemical  industries. 

It  is  certain  that  the  term  "  metallurgy "  as  applied  to 
these  fields  will  soon  have  a  much  wider  significance.  At  least 
one  excellent  deposit  of  zinc  is  known,  and  surely  it  is  possible 
for  us  to  make  our  own  zinc  discs  in  the  country — more  espe- 
cially as  the  price  of  spelter  has  for  a  very  long  time  averaged 
£21  a  ton  in  Europe.  Lead  simply  abounds  in  the  form  of 
galena,  and  generally  assays  very  high  in  silver.  Tlie  metal- 
lurgy of  lead  is  very  simple,  and  the  greater  attention  now 
being  paid  to  sanitary  matters  will  create  a  demand  for  pipes 
and  sheets — this,  of  course,  apart  from  the  present  demand, 
which  is  not  inconsiderable. 

Then,  again,  we  have  enormous  deposits  of  copper,  Ihe  ex- 
traction of  which  by  both  the  wet  and  the  dry  process  should  offer 
no  particular  difficulty  when  the  question  of  transport  has  been 
solved.  In  this  country  there  is  already  an  enormous  demand 
in  the  form  of  plates,  leads,  etc.,  etc. 

Going  still  further,  we  have  tin  in  abundance,  and,  it  is 
whispered.  Radium  also.  The  latest  metal  to  be  added  to  the 
list  is  Platinum ;  but,  when  all  is  said  and  done,  the  most  im- 
portant metallurgical  industry  will  be  that  of  iron.  The  de- 
posit of  haematite  north  of  Belfast  is  said  to  be  one  of  the 
most  marvellous  in  the  world,  not  only  on  account  of  its  extent 
and  the  purity  of  the  ore,  but  also  fro'tn  the  fact  that  the 
necessary  lime  and  coal  are  also  right  on  the  spot.  Those 
responsible  for  the  idea  are  very  hopeful,  and  the  figures  with 
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wliii.'li  I  have  been  funiisliGil  are  q\iitp  pncournging — provided 
that  the  railway  can  do  its  share.  When  the  day  of  blast 
iuriiaees  and  t-onvertorH  anives  we  shall  have  basic  slags  for 
the  farmers  as  well  as  ammonia  and  cyiimigt-n  for  the  mines. 

The  heavy  freight  and  railage  ibaigea  form  a  natural  prn- 
tocliou  to  any  local  industry,  and  nalunilly  this  applies  with 
greater  force  1o  ehemirals  which  have  tn  be  earefnllv  packed, 
and  tlierefiire  have  a  bigli  groas  weight,  than  to  metals  such  as 
ipelter.  wliirli  reqiiiri"  no  particular  looking  utter. 

The  importation  of  chcmirals  for  19l);i  amounted  to 
ioOO.OOO,  and  this  is  a  very  large  fignre.  Cyanide  waa.  of 
eourse,  Ihe  principal  item,  and  will  rcmnin  so,  but  the  attention 
sanitary  matters  are  receiving  has  created  a  large  demand  for 
bleaching  powder.  Sulphuric  acid — already  a  large  item — will 
increase,  and  even  if  concentrates  are  treated  by  a  modified 
process  there  is  still  plenty  of  pyrites  in  the  country.  The 
dynaniite  industry  will  no  doubt  double  itself  in  a  few  years, 
and  the  same  remark  ought  to  apply  to  all  local  industrips  of 
whatsoever  kind.  Prior  lo  the  war  artificial  manures  were 
practically  unknown,  but  the  importations  from  Europe  have 
already  assumed  very  large  dimensions.  There  is  no  reason 
why  all  this  should  not  be  made  locally.       True,  some  of  the 

Erineipal  ingredients— for  instance,  apalite^would  require  to 
3  imported,  but  a  deposit  is  certain  to  be  found  in  this  country 
some  day. 

The  importations  of  alkali  are  now  assuming  large  dimen- 
sions, but  when  they  arc  a  little  larger  they  will  be  manufac- 
tured in  the  country.  Seeing  that  it  hardly  pays  to  return 
empty  cylinders  to  Europe,  it  ought  to  be  possible  to  get  tliem 
filled  with  oxygen  and  carbonic  acid  here  in  -Tobannesburg. 
Acelylene  is  becoming  daily  more  popular  as  an  illuroinaut  in 
the  outlying  districts,  anil  the  mannfaclure  of  calcic  carbide 
is  also  certain  to  be  taken  up  soon. 

It  is  not  possibk"  to  hold  out  any  immediate  prospect  for 
a  large  soap  industry,  but  it  is  not  improbable  that  candles  will 
be  made  in  the  near  future  from  sliale.  Then,  as  mealies  and 
potatoes  become  cheaper,  there  is  no  reason  why  Hatherly 
should  not  start  again  and  become  moi-e  of  a  genuine  industry 
than  it  was  before.  Plenty  of  good  whiskey  is  made  from  pota- 
toes and  maiKe— prejudices  against  them  notwithstanding. 

The  manufacture  of  cyanide  has  assumed  great  importance 
within  recent  years,  but  very  little  has  been  published  on  the 
Bub.ject.  From  all  that  can  be  gathered,  the  idd  process  of  fiist 
«£  all  making  Ferrfjcyanide  seems  to  hold  its  own.  but  immense 
ijuantities  are  obtained  during  the  puriiication  of  illuminating 
gas- us  also  from  blast  furnaces.  X  source  of  potash  has  jusi 
been  found  which  should  make  the  Ferrocyanido  process  pos- 
sible here,  and  surely  there  is  enough  nitrogenous  organic 
matter  and  old  iron  to  spare  in  the  country.  I  shall  be  very 
much  surprised  indeed  if  we  do  not  hear  of  the  manufacture  of 
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cyanide  in  this  country  very  soon.  The  cyanogen  recoverable 
from  the  gas  works'  by-products  is  hardly  worth  speaking  about 
now,  but  this  will  soon  be  otherwise.  Apart  from  the  sulpho- 
cyanide — the  principal  gas  works'  source — a  very  successful 
process  is  that  of  Sieperman,  which  has  as  its  principle  the 
passing  of  ammonia  over  heated  charcoal  impregnated  with  pot- 
ash. This  seems  simple  enough,  but,  naturally,  if  our  ga& 
works'  ammonia  were  utilised  thus,  there  would  be  none  for 
making  ammonium  sulphate.  We  need  not  trouble  about  mak- 
ing chemically  pure  cyanide  out  here ;  what  is  wanted  is  avail- 
able cyanogen,  and  if  parcels  are  bought  on  assay  no  harm  is 
done  to  the  buyer  or  the  seller.  No  doubt  when  better  times 
come  the  government  might  see  its  way  to  afford  an  industr\- 
such  as  this  a  small  measure  of  artificial  protection  until  such 
time  as  it  found  its  bearings. 

Reference  has  already  been  made  to  artificial  manures  and 
to  the  utilisation  of  the  gas  works'  liquor  for  sulphate  of  am- 
monia. However,  all  the  gas  works  of  South  Africa  combined 
will  soon  be  unable  to  meet  the  demand  for  artificial  manures 
containing  this  ingredient.  The  other  principal  materials,  such 
as  nitrate  and  phosphate,  can  be  landed  as  cheaply  at  any 
South  African  port  as  at  Liverpool,  and,  considering  that  they 
are  carried  at  a  very  cheap  rate  while  the  finished  manure  is 
heavily  taxed  in  this  respect,  it  should  be  possible  to  build  up  a 
flourishing  local  industry. 

Hitherto  sanitary  matters  have  not  received  very  much 
attention,  but  the  community  is  beginning  to  realise  ihat  a 
liberal  use  of  chloride  of  lime  is  an  excellent  insurance  against 
troubles  of  all  kinds.  Already  the  demand  is  large,  and  when 
the  Chinese  come  it  will  be  larger.  To  give  an  idea  of  the- 
natural  protection  which  would  be  afforded  to  an  industry  such 
as  this,  it  may  be  stated  that  the  f.o.b.  price  per  ton  in  London 
is  about  £4  10s.,  while  the  lowest  price  at  which  it  has  ever 
been  sold  here  is  £18 — railage,  freight,  and  insurance  charges 
accounting  for  the  difference.  This  industry  is  bound  to  start 
very  soon,  seeing  that  all  the  ingredients  are  found  in  the 
country. 

These  prospective  industries  taken  singly  do  not  make  a 
very  gallant  show,  but,  combined  with  those  industries  already 
in  existence,  such  as  explosives  manufacture,  the  grand  total 
is  not  to  be  despised.  It  is  not  pretended  that  any  one  of 
these  will  come  into  operation  at  once,  but  it  is  the  opinion  of 
the  writer  and  others  competent  to  judge  that  the  time  is  not 
far  distant  when  we  shall  have  a  large  and  a  genuine  Transvaal 
Chemical  Industry. 


8.— THE    CONTACT    PROCESS    OF    SULPHUKIC    ACID 

MANUFACTURE. 

By  E.  Weiskopf. 

I  am  well  aware  that  the  subject  which  I  introduce  to  your 
notice  to-day  is  not  one  which  is  of  great  interest  to  the  general 
public,  and  this  mainly  for  the  reason  that  we  cannot  yet  boast 
of  a  general  chemical  industry  in  this  country.  But  you  will 
all  admit  that  this  Colony  offers  excellent  conditions  for  the 
development  of  such  an  industry,  and  I  am  perfectly  convinced 
that  if  only  once  a  start  is  made  it  will  grow  and  prosper,  and 
help  to  make  us  more  independent  in  every  sense  of  the  word. 

Now  the  manufacture  of  sulphuric  acid  is  the  basis  of 
almost  every  chemical  industry,  and  if  we  ever  contemplate 
establishing  any  such  industry  in  South  Africa,  we  shall  cer- 
tainly have  to  face  first  of  all  the  manufacture  of  sulphuric 
acid. 

Very  little  has  been  heard  of  the  new  contact  process  in 
connection  with  actual  manufacture,  and  it  is  only  quite  re- 
cently that  some  information  has  been  made  public.  Never- 
theless it  has  already  led  to  an  entire  revolution  in  the  manu- 
facture of  sulphuric  acid  at  home,  and  it  also  opens  prospects 
for  the  establishment  of  a  local  rhonicnl  industry y  which  a  few 
years  ago  would  have  been  considered  an  impossibility. 

It  may  be  said  at  once  that  the  local  Dynamite  Company, 
who  themselves  consume  about  15,000  tons  of  sulphuric  acid 
yearly,  have  anticipated  this  for  some  considerable  time,  and 
are  installing  an  additi(mal  plant  for  the  manufacture  by  the 
contact  process,  which  will  enable  them  to  meet  any  demand, 
no  matter  how  great. 

It  is  not  the  purpose  of  this  paper  to  point  out  the  great 
importance  of  sulphuric  acid  for  the  chemical  industry,  nor  is 
it  the  intention  to  discuss  the  possibility  of  such  an  industry  in 
this  country,  but  one  cannot  help  calling  attention  to  the  vast 
amount  of  concent ratc.^  which  certain  mines  produce,  and  which 
with  little  trouble  could  be  used  for  the  sulphuric  acid  manu- 
facture. 

I  have  in  mind  certain  mines  which  concentrate  their  ore 
in  frue-vanners,  and  which,  after  extracting  their  concentrates, 
obtain  a  residue  in  many  instances,  known  to  me  personally, 
running  as  high  as  45  per  cent,  of  iron  pyrites  and  about  4 
dwts.  of  gold. 

In  considering  the  possibility  of  using  these  concentrates 
for  the  manufacture  of  sulphuric  acid,  we  do  not  only  lay  the 
foundation  stone  for  a  new  local  industry,  but  we  also  involve 
to  some  extent  the  mining  industry  itself. 

You  all  know  that  tlie  last  traces  of  gold  in  the  concen- 
trates, referred  to  above,  can  only  be  recovered  with  difficulty, 
chiefly  on  account  of  the  pyrites,  and  with  such  poor  material 
it  would  not  pay  to  remove  them  by  roasting. 

There  are,  further,  concentrates  which  are  rich  enough  to 
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stand  the  cost  of  transport  to  England,  but  which  cannot  be 
treated  properly  here. 

You  also  know  that  frue-vanners  have  lately  gone  out  of 
fashion,  and  I  believe  that  I  am  correct  in  saying  that  this  is 
chiefly  due  to  the  fact  that,  with  finer  screening  and  more  pro- 
longed extraction  with  cyanide,  good  results  can  be  obtained 
at  a  lower  cost  than  by  roasting  with  a  subsequent  extraction. 
Would  this  position  of  affairs  continue  if  there  were  an  oppor- 
tunity of  disposing  of  the  concentrates  at  a  fair  price?  I  am 
not  sufficiently  au  fait  with  our  mining  industry  to  be  able  to 
express  a  definite  opinion  one  way  or  the  other,  so  I  shall  there- 
fore leave  it  an  open  question  for  the  present. 

There  are  undoubtedly  some  technical  difficulties  to  be 
overcome  before  any  such  scheme  could  be  realised,  but  I  firmly 
believe  that  they  are  not  insurmountable. 

And  now,  after  having  endeavoured  to  show  that  a  paper 
on  the  contact  process  is  more  or  less  of  general  interest,  I 
shall  try  and  give  you  as  briefly  as  possible  the  history,  theory, 
and  a  brief  description  of  this  new  method  of  sulphuric  acid 
manufacture. 

What  are  generally  known  as  contact  processes  are  the 
Tarious  methods  of  directlj'  combining  sulphur  dioxide  and 
oxygen  to  sulphuric  acid  anhydride,  which  latter,  of  course,  is 
the  basis  of  sulphuric  acid. 

All  these  processes  are  founded  on  the  catalytic  or  contact 
action  of  certain  bodies  (contact  substances),  of  which  platinum 
in  a  finely-divided  state  is  the  most  important. 

The  term  catalytic,  or  contact-action,  is  here  used  in  its 
general  sense,  although  strictly  speaking  it  is  the  property  of 
certain  bodies  to  assist  or  bring  about  the  combination  of  two 
or  more  substances  by  means  of  contact  07i1y. 

There  are,  however,  a  number  of  chemical  processes  which 
appear  to  the  casual  observer  to  be  catalytic  also  in  the  above 
sense  of  the  term,  but  in  reality  they  are  due  to  intermediate 
chemical  reactions,  in  which  certain  bodies  act  as  oxygen 
carriers  and  transmitters,  thus  actually  taking  part  in  the 
chemical  reactions,  but  remaining  unaltered  at  the  end  of  the 
process. 

Processes  of  this  kind  are  termed  pseudo-catalytic,  and  in 
this  connection  the  Deacon  process  of  chlorine  manufacture, 
or,  still  better,  the  old  chamber  process  for  the  manufacture  of 
sulphuric  acid,  might  be  cited  as  typical  examples. 

The  true  contact  action — such  as  is  ascribed  to  the  plat- 
inum contact  substance  of  the  sulphuric  acid  contact  process — 
must,  however,  be  classed  as  a  physical  phenomenon,  since  the 
contact  substance  remains  unaltered  all  through  the  process. 

Until  recently  it  has  been  more  or  less  generally  believed 
that  this  contact  action  of  the  platinum  was  brought  about  by 
the  well-known  property  of  the  platinum  to  absorb  its  hundred- 
fold volume  of  oxygon,  thus  acting  as  an  energetic  oxidiser. 
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ProfpsBor  ErdniHiiii,  in  tLe  lalest  edition  of  liis  "  luorgiinic 
Chemistry,"  gives  this  as  his  opinion.  There  have,  however, 
lately  been  niimy  attempts  to  show  that  the  aelioii  of  the  plat- 
iuiint  is  also  psendo-catalylie,  ami  in  this  coiiuection  it  is  in- 
teresting to  note,  that  through  the  investigations  of  Uond, 
Kamsay,  ami  Shields,  the  existence  of  a  platinum  peroxide  has 
been  made  very  probable. 

Engler  and  Wohler  have  actually  undertaken  to 
prove  the  existence  of  ii  platinum  peroxide  in  the  finely  divided 
pUtiamn  hiaek  which  acta  as  au  oxygen  carrier  and  transmitter- 
How  the  platinum  oxide  is  supposed  to  fonn  at  the  high  tem- 
peratures of  the  contHct  process  uas  not  as  yet  been  explained. 

1  myself  am  inclined  to  consider  the  catalytic  action  of  the 
pliilinutn  as  a  "true"  contact  action,  due  to  the  formation  of 
ozone  in  the  platinum  contact  substance. 

The  formation  of  ozone  under  the  prevailing  circumstances 
is  not  so  unlikely,  since  wc  know  that  ozone  can  be  produced  bj" 
compression  of  oxygen. 

The  heating  of  the  contact  substance  would  only  tend  to 
increase  the  pressure  of  the  oxygen  absorbed  by  the  platinum, 
and  a  sjioutaneoiis  formation  of  OBone  would  he  qitite  sufficient 
lo  oxidise  the  sulphur  dioxide. 

I  have  not  as  yet  suflicient  data  to  enable  me  to  go  moi-e 
fully  into  the  details  of  the  above  the^jry,  but  hope  to  he  able 
to  give  you  move  particulars  at  some  future  date. 

When  speaking  of  the  pseudo-catalytic  actions,  the  old 
f'hiiTiibrr  propo*  was  mentiimed  as  a  typical  example,  and  for 
purpose  of  comparison  it  will  be  interesting  to  follow  it  a  little 
closer. 

In  this  process  nitrou.s  acid  anhydride  (N^Oj),  plays 
the  part  of  the  oxygen-carrier  and  transmitter,  and  i-eadily 
lends  part  of  its  oxygen  to  oxidise  the  sulphur  dioside  gas  to 
sulphuric  acid  anhydride,  which  latter,  in  contact  with  water, 
gives  the  end  product  of  the  somewhat  complicated  reactions, 
namely,  sulphuric  acid.  The  de-oxidised  nitrous  aeid  anhydride, 
on  coming  into  contact  with  the  oxygen  of  the  air,  forma  once 
more  the  original  compound,  and  is  again  ready  to  transform 
new  quantities  of  sulpliur  dioxide.  Although,  tbeoretically,  an 
unlimited  quantity  of  sulphuric  acid  could  thus  be  produced, 
there  are,  in  practice,  certain  unavoidable  losses  which  add  con- 
siderably to  the  cost  of  producing  sulphuric  acid  by  this 
method.  But  this  is  not  the  only  disadvantage  of  the  old  pro- 
cess. The  reactions  indicated  above  only  take  place  when  a 
certain  quantity  of  water  is  present,  and  this  water  dilutes  the 
sulphuric  acid  obtained  to  such  a  degree  that  it  cannot  be  used 
straieht  away  as  such,  but  has  to  be  first  of  all  concentrated. 

This  concentration  process  is  very  slow  and  costlv.  and  the 
earliest  uttemnta  lo  work  out  a  method  which  could  produce 
sulphuric  acid  right  away  in  a  more  concentrated  form  are 
rhiefly  due  to  this  reason. 
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Later  on,  however,  it  was  not  only  the  question  o£ 
economy  which  induced  the  different  parties  concerned  to  con- 
tinue the  researches  and  experiments  in  connection  with  a  new 
and  better  process,  but  the  newly-established  aniline-dye  indus- 
try created  a  demand  for  the  very  strongest  sulphuric  acid  and 
even  anhydride,  which  the  Austrian  works  of  J.  D.  Stark,  then 
the  only  producers  of  fuming  sulphuric  acid,  could  not  meet^ 
and  which,  of  course,  could  not  be  obtained  by  the  old  chamber 
process. 

It  was  recognised  quite  early  that  the  well-known  catalytic 
action  of  platinum  could  be  used  for  the  production  of  sulphuric 
acid  anhydride,  and  Clemens  Winkler,  in  **  Dingler's  Journal " 
of  1875,  fully  described  a  practical  method  for  making  sulphu- 
ric acid  anhydride  from  sulphur  dioxide  and  oxygen  by  means 
of  the  catalytic  action  of  platinised  asbestos.  Curiously  enough, 
up  to  that  time  all  proposals  for  utilising  the  contact  action  for 
the  making  of  sulpnuric  acid  had,  with  only  one  single  excep- 
tion (Piria  in  1855),  never  as  their  objective,  the  production  of  the 
anhydride  itself.  This  was  probably  due  to  the  small  demand 
for  this  chemical  at  that  time,  and  the  consequent  low  price  for 
which  it  could  be  bought.  On  the  other  hand,  when  Winkler 
first  published  his  process  for  making  anhydride,  in  1875,  he^ 
little  dreamt  that  in  a  few  years  the  contact  process  would  be 
able  to  compete  successfully  with  the  old  chamber  process  for 
making  ordinary  sulphuric  acid. 

The  sole  object  of  the  inventors  in  the  early  stages  of  the- 
history  of  the  contact  process  was,  as  already  indicated,  the 
discovery  of  a  new  method  for  making  sulphuric  acid,  which 
would  do  away  with  the  disadvantages  of  the  old  chamber  pro- 
cess, and  as  early  as  1851  Phillips  obtained  a  British  patent 
for  the  making  of  sulphuric  acid,  which  he  himself  describes  as 
"  an  improvement  in  the  manufacture  of  ordinary  sulphuric 
acid."  This  patent  undoubtedly  contained  the  principal  fea- 
tures of  our  modern  contact  process,  and  the  catalytic  action  of 
finely  divided  platinum  is  specifically  mentioned.  The  contact 
action  of  platinum  was  known  to  Sir  Humphry  Davy  as  early 
as  1817,  and  the  very  earliest  inventors  looked  on  it  as  the  most 
favourable  basis  for  a  new  method  of  sulphuric  acid  manu- 
facture. 

Ever  since,  platinum  in  various  modifications  has  been 
exclusively  used  for  the  contact  process.  Iron  oxide  has  been 
used  for  the  same  purpose,  only  very  recently. 

After  the  publication  of  Phillip's  patent,  which,  as  has  been 
already  pointed  out,  contained  the  principal  features  of  the 
modern  contact  process,  a  great  number  of  modifications  and 
new  processes  were  published  by  various  individuals,  who,  up 
to  Winkler's  time,  all  aimed  at  the  production  of  sulphuric  acid 
alone.  Petrie  mentions  in  his  English  patent  590  of  1867 
platinised  asbestos  as  contact  substance  for  the  manufacture  of 
sulphuric  acid.     In  1855  Piria  describes  the  production  of  sul- 
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phuric  acid  anhydride  by  means  of  platinised  p^rmrice -stone 
from  SO2  and  air,  or,  better  still,  oxygen.  As  early  a§  1852 
Wohler  and  Mahla  had  found  that  the  oxides  of  iron,  copper, 
and  chromium  act  as  contact  substances.  Soon  after,  in  'ISa^, 
Kobb  took  out  two  English  patents  for  the  manufacture  of  stjiv 
phuric  acid,  in  which  he  used  the  roasted  material  itself  as  the 
catalytic  agent.  The  sulphurous  gases  were  obtained  from  the 
roasting  of  pyrites,  the  catalytic  property  of  the  roasted  mate- 
rial being,  of  course,  due  to  the  high  percentage  of  iron  oxide 
it  contained. 

The  Mannheim  process,  to  which  reference  has  already 
been  made,  and  one  of  the  methods  proposed  by  the  Hochster 
Farbwerke,  both  of  which  are  actually  being  carried  on  at  the 
present  time,  are  practically  an  elaboration  of  the  above  idea. 

Schmersall  and  Bouk,  in  the  English  patent,  183,  of 
1885,  employed  heated  tubes,  which  were  filled  with  asbestos  or 
mixtures  of  copper  and  chromium  oxides,  prepared  pumice- 
stone,  platinum,  etc.  The  sulphurous  gases  were,  in  this  pro- 
cess, passed  through  water  before  being  allowed  to  combine. 

In  1891  Henry  Deacon  tried  the  catalytic  action  of  copper 
salts  also  for  the  manufacture  of  sulphuric  acid  anhydride  and 
sulphuric  acid.  lie  made  the  very  important  observation  that 
a  sudden  cooling  of  the  gases  after  leaving  the  contact  appara- 
tus should  be  avoided,  and  further,  that  a  surplus  of  oxygen  or 
air  should  always  be  employed. 

With  the  discovery  of  synthetical  alizarine  by  Graebe  and 
Liebermann  in  18G8,  its  subsequent  technical  manufacture  in 
1873,  and  the  discovery  of  many  more  aniline  dyes,  which 
necessitated  the  employment  of  the  very  strongest  acid  and 
even  anhydride,  the  contact  process  entered  on  a  new  phase. 

The  Austrian  firm,  L.  D.  Stark,  which  up  till  then  liad 
supplied  all  the  fuming  sulphuric  acid,  could  no  longer  meet 
the  increased  demand,  and  prices  went  up  accordingly.  The 
demand  had  to  be  met  somehow,  and  the  contact  process  was 
the  only  possible  means  of  solving  tlie  difficulty. 

Winkler,  as  already'  stated,  was  the  first  to  publish  a 
method  by  which  sulphuric  acid  anhydride  could  be  obtained 
by  the  action  of  platinised  asbestos  on  a  mixture  of  SO.,  and  0. 
In  his  publication  he  already  recognised  the  modern  law  of 
chemical  mass  action,  according  to  which  all  admixtures  of  in- 
different gases  would  be  deleterious  to  the  contact  action,  but, 
curiously  enough,  he,  and  many  others  after  him,  made  the 
mistake  of  considering  the  superfluous  oxy^^en  as  an  indift'erent 
body.  Being  convinced  of  this  idea,  he  employed  a  mixture 
of  SO2  and  O  in  molecular  proportions,  obtaining  it  through 
the  decomposition  of  ordinary  sulphuric  acid  into  its  com- 
ponents, SO.J,  O,  and  H^O  by  the  employment  of  sufficient 
heat.  After  having  absorbed  the  water,  he  passed  the  remain- 
ing mixture  of  sulphur  dioxide  and  oxygen  which  were  now, 
of  course,  in  the  exact  proportions  in  which  they  would  com- 
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bine^to  ai^hydride — over  platinised  asbestos,  and  thus  obtained 

a  very,  satisfactory  amount  of  SO  3.      The  yield  of  about  75  per 

c^jl<.  which  he  obtained,  and  which  was  considered  at  the  time 

^.^^>ply  raart^eUous,  would  now  certainly  not  be  considered  good 

••^bugh  for  the  production  of  anhydride,  much  less,  of  course, 

•.'••.for  the  manufacture  of  sulphuric  acid. 

Almost  at  the  same  time,  in  September,  1875,  W.  S.  Squire 
took  out  an  English  patent  for  making  sulphuric  acid  anhy- 
dride, which  was  practically  identical  with  Winkler's  process. 
He  also  believed  that  a  molecular  proportion  of  the  two  gases 
was  necessary,  and,  just  like  Winkler,  considered  Deville's 
method  for  making  oxygen  by  decomposing  sulphuric  acid  at 
high  temperature  as  the  most  suitable  for  this  process.  He 
employed  platinised  pumice-stone  as  contact  substance,  but 
found  out  that  it  lost  its  activity  through  the  accumulation  of 
impurities  which  separated  out  from  the  gases  employed. 

In  Germany,  where  Winkler's  process  was  not  protected 
bj"  patent,  many  factories  started  to  manufacture  anhydride 
according  to  his  method.  This  process,  therefore,  marked  a 
new  stage  in  the  history  and  further  development  of  the  contact 
process. 

During  the  years  tliat  followed  great  efforts  were  made  to 
overcome  the  technical  difficulties  of  Winkler's  process.  The 
high  temperature  necessary  for  the  decomposition  caused  a 
very  rapid  deterioration  of  the  plant,  and  this  was  the  difficulty 
most  hard  to  overcome. 

Dr.  E.  Jacob  was  the  first  to  manufacture,  on  a  large  scale 
at  Kreuznaeh,  according  to  Winkler's  process,  and  many  other 
factories  followed  in  quick  succession.  Several  patents  were 
taken  out  for  various  modifications  and  improvements,  and  of 
these,  Squire's  German  patent  4285  of  1878  is  perhaps  of  in- 
terest, insomuch  as  it  mentions  the  necessity  for  regulating  the 
temperature  in  the  contact  chamber  and  the  regeneration  of 
heat.  Dr.  Majert  manufactured  in  Schlebusch  and  other 
places  according  to  a  method  which  is  described  in  his  French 
patent,  122130,  of  1878.  It  is  interesting  to  learn  that  he 
even  then  proposed  to  spread  the  platinised  asbestos  on  wire 
netting,  in  order  to  offer  as  little  resistance  as  possible  to  the 
entering  ^ases,  a  procedure  which  Knietsch  claimed  as  a 
novelty  in  his  patent  application  of  1898. 

The  production  of  sulphuric  acid  anhydride  had  now  be- 
come an  established  industry,  and  the  monopoly  of  the  Austrian 
works  for  fuming  sulphuric  acid  was  broken  once  and  for  all. 
The  demand  for  a  cheaper  raw  material,  however,  became  more 
and  more  pressing,  and  as  it  was  soon  recognised  that  the  mole- 
cular proportion  of  the  two  gases,  such  as  is  obtained  by  the 
decomposition  of  sulphuric  acid  by  Winkler's  method,  was  not 
at  all  essential  in  order  to  obtain  good  yields,  a  new  field  was 
thus  opened  to  the  various  inventors.  Winkler  himself  recom- 
mended in   1878  the  employment  of  ordinary  roast  gases  for 
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tbe  ooiitact  process,  and  aHliougli  this  rpmaiued  a  secret  for  a 
long  time,  we  know  now  that  since  1879  sulphuric  acid  anhy- 
dride was  prmluced  frum  roast  gases  in  Freiberg. 

Tht'  seiisitivfness  nf  the  platinum  contact  substance  tii 
impurities  of  anv  kind  lu  tho  roast  gasos  had  also  been  recog- 
,niwd  In  the  early  stages  of  the  contact  process,  but  the  com- 
plete piirificatimi  uf  those  gases  presented  great  difKculties  in 
those  dnys.  A'artous  methods  were  suggested  and  actually  eui- 
phiyed  ti>  produce  aulphunma  acid  in  an  absolutely  pure  Btate. 

Abf)ut  this  time  the  German  chemical  works  at  Thann 
entei-ed  into  negotialiuns  with  Chapman,  Messel  and  Co.,  of 
London,  in  order  to  secure  the  patent  rights  of  Squire's  original 

Kroccss,  which  was  then  being  worked  at  Silvertown,  near 
london.  Squire,  who  had  in  the  meantime  left  Chapman  and 
l[es8pl.  proposed  a  new  method  of  purification  to  the  German 
conipaoy,  which  consisted  in  compreasinfj  the  sulphur  dioxide 
fihliiincd  by  the  combustion  of  Sicilian  sulphur,  and  afterwards 
evaporsitiuic  it  by  means  of  steam,  when  the  gas  obtained  was 
naturally  in  a  perfectly  pure  state.  After  being  mixed  with 
the  Iheoiftii'al  i|uantity  of  air  it  was  led  through  (he  contact 
ovens,  which  were  filled  with  platinised  asbestos.  The  anhy- 
dride produced  was  absorbed  in  towers,  which  were  scrubbed 
with  concentrated  sulphuric  acid.  This  method  was  adopted 
by  the  Thann  factory  in  1881,  after  many  experiments  and 
trials,  and  gave  very  satisfactory  resnlts.  Chapman,  Messel 
Bud  Co.  afterwards  installed  a  similar  plant  at  Silvertown. 

Dr.  Schroeder  introduced  a  process  much  the  same  as  this 
Bt  Grillos  Works,  ITamborn.  Germany,  where  liquid  sulphur- 
dioxide  was  being  nianufactui-ed  by  the  Schroeder-Hanisch 
process.  As  the  demand  for  this  chemical  was  not  very  great 
it  was  thought  advisable  to  use  part  of  it  for  the  manufacture 
ot  anhydride,  and  expeiiments  which  were  carried  on  with  this 
phjpct  in  view  were  so  successful  that  in  1887  the  Radischo 
Auilin  and  Soda  Fnbiik  of  Ludwigshaven  acriuired  the  sole 
tight  of  manufactunng  anhydride  by  this  method.  But  the 
ipossibility  of  using  the  cheap  roast  gases  for  the  contact  pro- 
pess  was  not  lost  night  of  in  the  meantime.  All  the  producers 
tif  anhydride  continoed  expcrimenis  in  this  direction,  and  were 
moi'O  or  less  successful  in  obtaining  (he  desired  result.  It 
would  lead  us  too  far  to  follow  in  detail  all  the  interesting  re- 
■earches  which  had  to  be  made  in  order  to  clear  up  the  ditfi- 
culties  which  presented  themselves  daily  to  the  chemists,  nr  t" 
describe  the  great  amount  of  skill,  energy,  and  patience  which 
•*ere  necessary  to  overcotue  them.  Suffice  it  to  say  that  various 
'firms  succeeded  in  wrukiiig  out  processes,  and  to-dav  they  not 
Unly  supply  anhydride  at  wry  low  prices,  but  actually  compete 
successfully  with  the  miiuufacture  of  sulphuric  acid  by  the 
thamter  process.  The  various  improvements  which  the  in- 
dividual firms  introduced  in  the  course  of  time  were,  and  are, 
lepl  secret  to  an  extent,  although  few,  if  any,  I'eally  new  dis- 
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coveries  were  employed  in  the  working  of  the  modernised  pro- 
cess. They  were  really  more  ingenious  adaptations  and  com- 
binations of  well-known  processes,  so  manufacturers  soon 
realised  the  difficulty  of  protecting  their  processes  by  patent. 
Consequently  there  were  hardly  any  patented  processes  known 
until  1898,  when  the  Hochster  Farbwerke,  Grille,  the  Badische 
Anilin  and  Soda  Fabrik,  the  Mannheim  factory,  and  others 
took  out  a  number  of  patents  in  quick  succession  for  the  manu- 
facture of  anhydride  and  sulphuric  acid.  This  sudden  change 
was  brought  about  by  the  difficulty  which  the  various  firms  ex- 
perienced in  keeping  their  methods  secret.  It  was  only  to  be 
expected  that  those  still  struggling  with  their  experiments 
should  take  advantage  of  the  hints  contained  in  the  published 
patents,  and  although  this  was  a  serious  matter  for  the 
patentees,  it  did  a  great  deal  to  advance  the  industry  generally. 
As  a  result,  there  are  now  a  great  number  of  factories  produc- 
ing sulphuric  acid  and  anhydride  on  a  very  large  scale,  and 
their  special  methods  are  covered  by  numerous  patents.  There 
are  also  some  factories  which  still  keep  their  methods  secret, 
the  more  important  among  these  being  Chapman,  Messel  and 
Co.,  at  Silvertown,  England,  the  United  Alkali  Co.,  at  various 
factories,  and  Tentelew's  chemical  factory,  at  St.  Petersburg. 

The  processes  at  present  known,  or  at  least  partially  so,  can 
be  divided  into  two  classes — those  which  employ  platinum  in 
some  form,  and  those  which  employ  other  bodies  as  the  cata- 
lytic substance. 

In  the  first  category  are  included  the  processes  of  the 
Badische  Anilin  and  Soda  Fabrik,  that  of  the  Actien  Gesell- 
schaft  fiir  Zink-Industrie  at  Hamborn,  Winkler's  process  as 
carried  on  at  Freiberg,  and  Dr.  Rabe's  method. 

The  second  are  represented  by  the  Mannheim  process  and 
that  of  the  Hochster  Farbwerke. 

All  the  above  firms  ranked  amongst  the  early  pioneers  of 
the  contact  process,  and  developed  their  special  methods  more 
or  less  independently.  They  all  recognised  at  some  time  or 
other  the  superiority  of  platinum  over  any  other  contact  sub- 
stance, the  necessity  for  a  thorough  purification  and  drying  of 
the  gases  employed,  and  the  importance  of  the  careful  regula- 
tion of  the  temperature  in  the  contact  apparatus  itself.  How- 
ever, Dr.  Knietsch,  of  Ludwigshaven,  was  the  first  to  publish 
an  exhaustive  and  valuable  paper  (in  1901),  in  which  he  de- 
veloped the  theory  of  the  contact  process  under  various  condi- 
tions on  the  strength  of  numerous  experiments  and  most  in- 
teresting researches.  He  proved  conclusively  that  Ihe  reaction 
can  only  take  place  quantitatively  in  the  presence  of  an  excess 
of  oxygen.  He  further  showed  that  the  catalytic*  action  of 
platinum  under  practical  conditions  starts  at  about  200'  C,  and 
that  the  velocity  of  the  reaction  increases  rapidly  with  increas- 
ing temperatures.  At  380 — 400°  C,  SO.,  is  completely  trans- 
formed into  anhydride,  and  this  state  remains  constant  until 
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about  430°  C.  A  decomposition  of  the  anhydride  already 
formed,  takes  j)lace  at  temperatures  above  the  latter  point,  and 
at  about  1,000  C.  no  reaction  whatever  takes  place.  He  also 
proved  that  the  anhydride  thus  formed  remains  as  such,  even 
at  fairly  high  temperatures,  but  if  allowed  to  remain  in  contact 
with  the  catalytic  substance  it  is  readily  decomposed  at  com- 
paratively low  temperatures. 

From  these  and  many  other  interesting  experiments, 
which  time  does  not  permit  me  to  detail  more  fully,  he  arrived 
at  conclusions  which  have  proved  themselves  to  be  of  the  very 
greatest  importance  for  the  practical  working  of  the  contact 
process. 

The  scientific  world  and  the  manufacturers  of  anhydride 
are  deeply  indebted  to  Dr.  Knietsch  for  the  valuable  informa- 
tion he  has  given  them,  for  it  has  in  many  instances  supplied 
the  correct  answer  to  the  many  whys  ana  wherefores  of  the 
contact  process. 

While  endeavouring  to  describe  the  actual  working  of  the 
modern  contact  process,  it  will  naturally  be  impossible  to  fol- 
low it  in  all  the  manifold  modifications,  therefore  it  will  per- 
haps serve  the  piirpose  of  this  paper  as  well  if  only  its  main 
features  are  outlined,  and  attention  drawn  to  any  specially  out- 
standing procedure. 

Reference  has  already  been  made  to  the  conditions  which 
have  to  be  observed  in  order  to  ensiire  a  proper  working  of  the 
contact  process,  and  these  are  now  generally  recognised.  With 
few  exceptions  the  various  manufacturers  and  inventors  only 
differ  in  the  various  waj's  of  attaining  these  conditions,  and 
they  naturally  all  claim  for  themselves  the  cheapest  and  most 
reliable  method. 

The  modern  methods  of  contact  process,  as  has  been  seen, 
can  be  divided  into  two  classes,  and  perhaps  a  description  of 
the  process  of  the  Badische  Fabrik  will  serve  as  an  example  of 
the  first  class. 

This  selection  has  been  made,  because,  in  the  writer's 
opinion,  it  is  the  most  representative  and  instmetive  of  its 
class,  and  it  might  be  remarked  here  that  the  process  about  to 
be  started  by  the  local  Dynamite  Factory  is  much  the  same  in 
both  principle  and  practice. 

The  Badische  Soda  Fabrik  lays  particular  stress  on  "  the 
preliminary  treatment  of  the  gas-mixtures  to  be  operated  on, 
on  the  regulation  of  the  conditions — ^particularly  as  to  the* 
temperature  under  which  the  combination  of  the  gases  takes 
place — and  on  a  peculiar  arrangement  of  the  contact-substance 
in  the  apparatus,  for  the  purpose  of  obtaining  therefrom  the 
most  advantageous  effects." 

The  preliminary  treatment  consists  of  thoroughly  mixing 
the  gas  mixture,  washing  it,  and  finally  re-drying  it. 

The  mixing  of  the  gases  has  for  it»  o¥|ect  the  burning  of 
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all  sublimed  sulphur  which  might  be  present,  and  which  i» 
very  harmful  as  a  carrier  of  impurities. 

This  is  effected  by  a  jet  of  steam,  which,  on  condensing, 
afterwards  serves  to  dilute  the  small  quantities  of  sulphuric 
acid  which  separate  from  the  gases  on  their  way  to  the  wash- 
ing apparatus.  The  mixed  gases,  after  having  been  gradually 
cooled  in  a  special  cooling  apparatus,  are  then  subjected  to  a 
washing  process,  where  they  are  purified  completely  and  freed 
from  all  injurious  admixtures. 

The  washing  is  effected  by  means  of  water  or  diluted  sul- 
phuric acid  in  scrubbers,  and  special  chemical  and  optical  tests, 
are  employed  to  make  certain  that  no  injurious  admixtures  are 
present.  The  gases  are  next  dried  over  concentrated  sulphuric 
acid,  and  after  having  been  heated  to  a  suitable  temperature 
are  led  into  the  contact  apparatus.  In  this,  the  contact  sub- 
stance (platinised  asbestos)  is  spread  out  on  sieves,  which  are  so- 
arranged  that  each  one  supports  the  sieve  immediately  above 
it.  The  'gases  thus  find  little  or  no  resistance  in  passing 
through  the  apparatus,  and  ordinary  rotating  fans  are  sufficient 
to  suck  them  through  the  whole  system. 

The  contact  apparatus  has,  further,  special  heating  and 
cooling  appliances,  by  which  the  temperature  of  the  contact 
chamber  is  regulated.  The  cooling  arrangements  form  a  spe- 
cial feature  of  this  process. 

The  excessive  heat,  which  is  the  result  of  the  reaction,  ia 
utilised  for  the  pre-heating  of  the  roast  gases  before  they  are 
admitted  into  the  contact  chamber.  As  the  greatest  amount  of 
heat  is  liberated,  where  the  gases  first  meet  the  contact  sub- 
stance, and  an  overheating  is  most  likely  to  occur  at  this  place,, 
provision  is  made  for  the  cooling  gases  to  enter  the  jacket  which 
surrounds  the  contact  chamber  at  this  point.  The  temperature 
of  all  parts  of  the  apparatus  is,  of  course,  closely  watched  by 
means  of  pyrometers,  and  regulated  accordingly. 

The  anhydride  produced  is  afterwards  absorbed  by  strong 
sulphuric  acid,  in  which  it  readily  dissolves. 

The  Badische  Fabrik  claims  to  obtain  with  this  process 
a  yield  of  96  to  98  per  cent.,  and  this  is  certainly  very  satis- 
factory. 

The  principal  feature  of  Winkler's  process  is  the  filtration 
of  ihe  roast  gases.  lie  does  not  employ  a  washing  process  for 
their  purification,  considering  a  simple  filtration  through  wool 
and  wood  shavings  sufficient.  As  in  the  Babe  method,  he  does 
not  aim  at  a  complete  conversion  of  the  SO^  into  anhydride, 
and  leads  the  unconverted  sulphur-dioxide  to  ordinary  sul- 
phuric acid  chambers. 

Grillo's  process  is  more  akin  to  that  of  the  Badische  Fab- 
rik, but  differs  from  it  principally  in  the  methods  employed  for 
purifying  the  gases  and  in  the  disposition  of  the  contact-sub- 
stance. This  latter  is  in  a  compressed  state,  and  as  a  result 
offers  so  much  resistance  to  the  passage  of  the  gases  that  com- 
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pressors  are  employed  for  the  purpose  of  movrng  them  through 
the  system.  The  inventors,  however,  maintain  that  this  slight 
compression  is  very  advantageous,  insomuch  as  it  brings  the 
gas-particles  closer  together,  thus  insuring  a  better  conversion. 

The  second  category  of  processes  still  remains  to  be  con- 
sidered, and,  as  will  be  remembered,  they  are  concerned  with 
the  catalytic  effect  produced  by  bodies  other  than  platinum. 
Perhaps  the  Mannheim  process  is  the  most  interesting  of  this 
class.  By  it,  the  conversion  of  sulphur-dioxide  into  anhy- 
dride is  effected  in  two  separate  stages,  and  many  of  the  con- 
clusions at  which  Dr.  Knietsch  arrived  as  a  result  of  his  elabo- 
rate researches,  published  in  1901,  were  employed  in  the 
Mannheim  process  on  a  working  scale  as  early  as  1898. 
The  first  stage  of  the  conversion  is  effected  bv  the  catalytic 
action  of  oxide  of  iron.  Only  a  part  of  the  sulphur-dioxide  is 
converted  into  anhydride  at  this  stage,  and  the  remainder  is 
catalysed  by  passing  over  platinum  in  the  usual  manner.  The 
process  seems  to  give  very  satisfactory  results. 

It  is  essential  that  the  roast  gases  should  be  absolutely 
dry,  so  the  air  used  for  roasting  the  pyrites  is  dried  with  sul- 
phuric acid.  The  dry  roast  gases  are  first  of  all  passed  up  a 
tower  filled  with  iron  oxide,  where  60  to  65  per  cent,  of  the 
sulphur-dioxide  is  converted  into  anhydride.  The  arsenic  con- 
tained in  the  roast  gases  is  at  the  same  time  chemically  fixed 
by  the  iron  oxide,  and  thus  effectively  removed,  and  it  is  in- 
teresting to  note  that  the  arseniate  of  iron  improves  the  cata- 
lytic action  of  the  oxide. 

The  gases  next  pass  into  a  cooling  apparatus,  when  all  the 
anhydride  formed  condenses.  The  unconverted  portion  of  the 
gases  passes  on,  is  filtered  through  loose  and  porous  bodies,  and, 
after  having  been  heated  to  the  required  temperature,  is  next 
passed  over  the  contact  substance,  which  is  contained  in  a 
second  chamber,  where  the  final  conversion  takes  place.  The 
next  stage  in  the  process  is  the  passing  of  the  gases  through 
another  cooling  apparatus,  and  finally  through  an  absorption 
plant,  when  the  anhydride  formed  in  the  second  stage  of  the 
process  is  retained. 

The  Farbwerke  at  Iloechst,  which  was  one  of  the  first  to 
produce  anhydride  and  sulphuric  acid  by  the  contact  process, 
has  lately  taken  patents  for  another  method.  In  this  they 
employ  roasted  pyrites,  which  are  impregnated  with  iron  sul- 
phate, for  effecting  the  conversion  of  tlie  S(\  of  the  rojist- 
gases  employed  into  anhydride. 

The  iron  sulphate  decomposes  at  the  high  temperatures 
into  iron  oxide,  sulphuric  acid,  and  anhydride,  and  this  newly- 
formed  iron  oxide  has  in  addition  a  very  energetic  catalytic 
action  readily  acting  on  the  sulphur-dioxide  of  the  roast -gases. 
The  reaction  takes  place  in  a  long  channel.  At  the  one  end  the 
impregnated  roasted  material  is  being  continually  introduced^ 
and  meets  the  roast-gases  coming  from  the  opposite  direction. 
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This  method  seems  also  to  give  very  satisfactory  results. 
It  is  at  present  carried  out  in  the  Hochster  Farbwerke  itself,  as 
also  in  Hamburg  and  Hruschau. 

This  very  brief  outline  of  the  contact  process  has,  I  am 
aware,  been  very  superficial,  but  the  main  principles  have  been 
referred  to.  The  subject  is  so  vast  that  it  is  impossible  to  do 
more  within  the  limits  of  an  ordinary  paper,  but  on  a  future 
occasion  it  may  be  my  privilege  to  revert  again  to  the  subject. 


9.— SOME  ECONOMIC  PROBLEMS  IN  METALLURGY  ON 

THE  WITWATERSRAND. 

By  Harry  S.  Denny. 

In  these  notes  I  propose  to  deal  briefly  with  the  main 
operations  of  present  practice,  and  with  some  of  the  points 
where,  contingent  upon  the  settlement  of  certain  problems  now 
confronting  us,  material  improvements  appear  to  be  both  pos- 
sible and  probable. 

The  metallurgist  on  these  fields  has  not  to  deal  with  any- 
thing in  the  nature  of  a  highly  refractory  ore,  and  his  opera- 
tions, therefore,  are  not  interfered  with  by  complex  chemical 
difficulties  at  any  point.  Despite  this  fact,  however,  and  even 
admitting  that  each  of  the  problems  before  us  is  more  or  less  of 
a  simple  nature  from  a  metallurgical  point  of  view,  we  find 
that  the  factor  of  economy  is  so  interwoven  with  the  more 
scientific  aspect  at  every  point  that  our  problems  demand  the 
most  careful  investigation  for  their  determination  and  solu- 
tion, particularly  in  view  of  their  bearing  on  the  general  ad- 
vancement that  is  being  witnessed  from  year  to  year. 

From  the  preliminary  breaking  of  our  ores  to  the  handling- 
of  the  final  residues  a  remarkable  amount  of  care  has  been  de- 
voted to  every  important  function  of  our  various  processes,  par- 
ticularly- in  tlie  past  10  years,  and  in  each  of  the  operations^ 
as  conducted  here,  there  is  no  doubt  that  we  have  the  embodi- 
ment of  nearly  all  that  practical  science  knows  in  those  direc- 
tions to-day. 

I  propose  to  briefly  touch  upon  the  more  important  of 
these  operations  for  the  purpose  of  indicating  what  the  precise 
nature  of  some  of  the  problems  connected  with  them  is,  and 
finally  I  shall  endeavour  to  indicate  what  effect  the  successful 
settlement  of  some  of  these  problems  may  have  upon  our  metal- 
lurgical schemes  of  to-day. 

pkeliminaky   breaking. 

The  necessity  for  preliminary  breaking  is  dependent  upon 
two  factors  :  — 

1.  The  spacing  of  the  bars  over  the  ore  bins  in  the  mine- 

2.  The  spacing  of  the  grizzly  bars  in  the  headgear. 
Depending  upon  these  two  factors  we  have  a  certain  size- 

and  (quantity  of  ore,  which  will  not  pass  through  the  grizzliea 
in  the  headgear,  and  if  amongst  these  we  have  to  deal  with 
blocks  up  to  10  in.  in  diameter,  it  is  usual  to  select  such  pieces, 
and  submit  them  to  a  preliminary  hand  breaking  for  the  sepa- 
ration of  any  pieces  of  reef  from  waste  rock,  or  for  the  purpose 
of  reducing  the  size  to  a  point  suitable  for  the  second  crushing 
which  ensues  after  sorting. 

The  practice  is  generally  tending  towards  reducing  the 
space  between  the  bars  over  the  ore  bins  in  the  mine,  so  that 
the  preliminary  breaking  by  hammer  may  be  done  under- 
ground, but  in  every  mine  will  be  found  some  variation  in  the 
particular  manner  in    which    the  ore    breaks,    and    the    bars 
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should  be  so  placed  as  to  meet  the  requirements  of  each,  and 
in  such  a  way  as  to  ensure  that  there  will  not  be  a  larg-e  per- 
centage of  big  pieces  of  ore  passing  over  the  grizzlies  in  the 
headgear.  The  bars  in  the  headgear  grizzlies  are  so  placed  as 
to  effect  the  separation  of  the  fines  from  the  coarser  rock,  and 
if  the  spacing  is  too  limited  choking  on  the  bars  will  ensue, 
whilst,  on  the  contrary,  if  too  wide  too  much  coarse  rock  passes 
through  with  the  fines.  For  each  mine  the  particular  limit 
suiting  the  ore  niust  be  determined. 

The  object  of  the  separation  on  the  grizzlies  is  twofold, 
being,  firstly,  to  leave  the  coarse  rock  so  clean  that,  after 
wetting,  reef  matter  may  be  easily  separated  from  waste  rock, 
and,  secondly,  that  the  coarse  rock  may  be  subjected  to  a 
further  reduction  in  crushers  without  necessitating  the  passing 
of  all  the  original  fines  through  crushers  also. 

If  a  large  percentage  of  sorting  is  to  be  done,  that  is  to 
say,^  if  the  reefs  mined  are  very  narrow  and  the  bulk  of  the 
ore  consists  of  waste,  and  if  the  reef  matter  has  a  tendency  to 
adhere  to  the  country  rock  on  the  footwall  and  hanging  wall 
sides,  then  to  obtain  a  high  percentiige  sorting  it  is  necessary 
to  reduce  the  coarse  rock  passing  over  the  grizzlies  to  some- 
thing in  the  neighbourhood  of,  say,  3  in.  cubes.  Where  there 
is  not  such  a  large  proportion  of  waste,  and  where  the  other 
difficulties  mentioned  do  not  obtain,  the  preliminary  crushing 
need  not  be  carried  to  so  fine  a  point. 

SORTING. 

The  object  of  sorting  is  to  discard  rock  of  no  value 
in  order  to  avoid  the  cost  of  handling  it  in  the  subse- 
quent treatment  operations  and  the  value  of  liniit^itions  of 
the  operation  are  contingent  entirely  upon  the  working  costs 
obtaining  on  the  particular  mine  concerned,  i.e.,  it  will  be 
economical  only  to  discard  rock  of  a  value  which  would  not 
show  a  profit  in  those  other  operations  referred  to.  On  each 
mine  this  is  a  particularly  close  calculation,  as  to  do  a  too  low 
percentage  of  sorting  in  order  to  be  sure  that  the  discarded 
rock  is  valueless  may  leave  a  certain  percentage  of  waste  rock 
in  the  ore,  which  is  afterwards  treated  at  a  loss;  whilst,  on  the 
contrary,  to  carry  the  operation  to  too  high  a  point  ma^*  again 
result  in  loss  by  virtue  of  discarding  rock  of  an  average  value 
that  would  yield  a  small  profit  by  treatment. 

Again  we  have  a  point  that  for  its  determination  requires 
the  most  careful  handling,  and  one  that  on  each  particular 
mine  must  be  figured  out  to  suit  all  the  other  conditions. 

The    difficulties    that    immediately    confront    one    in    this 

problem  are :  — 

1.  To    ascertain    accurately    tlie    value    of    the    discarded 

rock;  and 

2.  To  figure  exactly  what  limit  of  value  must  pertain  to 

the  ore  to  ensure  profitable    treatment   in   the    subse- 
quent operations. 
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Many  suggestions  have  been  made  regarding  the  first 
point,  but  no  recognised  or  efficient  method  has  yet  been 
adopted  generally  on  these  fields;  whilst  regarding  the  second 
point,  to  my  mind,  there  are  many  factors  that  have  to  be  taken 
into  consideration  which  are  generally  neglected.  For  in- 
stance, we  assume  that  on  10  dwt.  rock  an  85  per  cent,  extrac- 
tion is  obtainable,  but  it  does  not  follow  that  on  2  dwt.  rock 
the  same  result  can  be  obtained. 

Again,  we  have  to  consider  that  every  ton  of  waste  rock 
that  comes  into  the  mill  becomes  enriched  as  sands  residues, 
climes,  or  slimes  residues;  and  thirdly  there  is  the  factor  of 
increased  consumption  of  water  with  its  concomitant  increased 
pumping  charges,  loss  of  water,  up-keep  of  dams,  etc. 

It  will  be  seen  from  the  above  that  to  figure  exactly  on 
the  limitations  of  sorting  is  a  particularly  nice  calculation, 
and  in  my  opinion  one  that  has  so  far  been  treated  more  in  a 
general  than  in  a  detailed  fashion,  and  one,  further,  that 
requires  ventilation. 

CRUSHING. 

After  sorting  the  ore  is  passed  through  further  breakers, 
and  reduced  to  something  in  the  neighbourhood  of  1^  in.  to 
2  in.  cubes. 

Again,  we  are  confronted  with  the  question  whether  it 
would  not  be  more  economical  to  design  our  crushers  to  reduce 
the  whole  of  the  ore  to  the  size  of  peas,  or  say  ^  in.  cubes. 

The  problem  we  have  to  determine  may  be  stated  as  the 
cost  of  breaking  ore  by  the  ordinary  gyratory  or  toggle  move- 
ment of  a  crusher  as  compared  with  the  cost  of  direct  percus- 
sion, such  as  obtains  in  a  stamp  mill. 

There  is  no  doubt  that  the  capacity  of  a  stamp  mill  would 
be  much  higher  per  stamp  per  day  on  ^  in.  cubes  than  on  1|  in. 
cubes,  but  ajspainst  this  increased  capacity  we  have  to  set  the 
cost  of  reducing  in  crushers  to  the  lower  of  these  limits.  The 
correct  determination  of  this  point  would  ensure  the  maximum 
efficiency  from  both  our  crushers  and  our  stamps,  but  the  line 
of  demarcation  has  yet  to  be  accurately  determined.  It  would 
appear,  however,  that  as  the  churning  tendency  of  a  stamp  mill 
does  not  appear  in  a  crusher — or,  in  other  words,  that  whereas 
we  can  obtain  positive  clearance  in  a  crusher,  we  cannot  do  so 
in  a  stamp  mill — the  reduction  to  comparatively  low  limits  in 
our  crushers  would  prove  the  more  economical  operation. 

MILLING. 

In  the  stamp  mills  of  a  battery  the  ore  is  reduced  to 
various  finenesses,  ranging  from  300  to  1,000  holes  to 
the  square  inch,  and  practice  on  this  point  has  so  far  been 
guided  by  the  extraction  obtained  in  the  operations  of  sands 
treatment  and  slimes  treatment.  The  point  arises,  however,  as 
to  where  the  full  virtue  of  crushing  with  a  mill  ceases :  that 
is  to  say,  whether  it  would  not  be  more  profitable  to  use  a 
mesh  of  100  holes  to  the  square  inch  with  the  object  of  further 
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reducing  in  a  separate  plant,  or  whether  we  should  generally 
adopt,  say,  1,000  holes  to  the  square  inch. 

Experience  has  shown  that  after  a  certain  point  has  been 
reached — say  to  300  holes  to  the  square  inch — that  the  further 
reduction  from  that  point  to  1,000  holes  to  the  square  inch  is 
more  economically  and  easily  done  by  attrition  than  by  per- 
cussion, and  again  we  are  confronted  with  the  fact  that  the 
churning  action  in  the  mill  tends  to  retard  clearance,  whilst  in 
a  proper  attrition  mill,  such  as  a  flint  mill,  clearance  becomes 
more  positive. 

On  general  principles,  therefore,  in  my  opinion,  it  may  be 
accepted  as  an  axiom  that  sliming  can  be  more  economically 
done  on  the  principle  of  attrition  than  percussion,  and  we  are 
therefore  called  upon  to  determine  the  precise  point  where  the 
virtue  of  milling  ceases  and  that  of  attrition  begins.  So  far 
this  point  has  not  been  settled,  and,  as  before  remarked,  prac- 
tice has  been  guided  in  the  alteration  of  the  mesh  employed  by 
the  results  obtained  from  the  ensuing  operations. 

am:algamation. 

From  the  mill  the  crushed  pulp  is  passed  over 
amalgamated  copper  plates,  and  on  an  average  on  these 
fields  between  60  per  cent,  and  70  per  cent,  of  the  total  recovery 
has  been  extracted  by  this  operation. 

There  is  very  little  variation  in  the  method  of  erecting 
plates  and  working  them.  There  are  slight  differences  in  the 
amount  of  mercury  used,  and  the  manner  and  time  of  dressing 
the  plates,  and  so  on;  but,  in  general,  practice  on  this  point 
may  be  taken  as  fairly  uniform. 

In  the  past  20  years  many  attempts  have  been  made  to 
improve  amalgamation  by  using  amalgamated  drums,  mercury 
riffles,  etc.,  but  no  radical  alterations  have  been  adopted. 

In  view  of  the  fact  that  there  are  certain  vital  differences 
in  the  physical  constitution  of  the  Witwatersrand  Banket  Ores 
it  would  appear  only  natural  to  assume  that  to  obtain  the 
highest  extraction  by  amalgamation  certain  innovations  on 
general  practice  would  be  found  necessary;  and  in  view  of  the 
further  fact  that  it  is  by  this  operation  that  the  bulk  of  our 
gold  is  extracted,  I  think  that  something  should  be  done  in  the 
matter  of  determining  whether  some  improvement  or  alteration 
to  meet  differences  in  ore  constitution  could  not  be  made.  It 
is  hardly  reasonable  to  suppose  that  we  have  reached  perfection 
in  amalgamation  methods,  and  although  I  find  it  difficult  to 
suggest  anything  in  the  way  of  an  alteration  that  could  be 
considered  as  constituting  a  radical  change,  I  still  have  the 
feeling  that  we  should  know  more  about  the  application  of  this 
operation  to  our  various  ores  than  we  do  to-day. 

It  must  not  be  forgotten  in  this  connection  that  amalga- 
mation  is  the  least  expensive  operation — in  relation  to  the  gold 
that  it  accounts  for — that  we  to-day  employ,  and  it  therefore 
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Woiufs  incmiibeut  upon  us  to  bring  our  praL-tiiic  on  this  par- 
ticular point  to  the  liigheat  poaBiblc  etSciency. 

Thvrj!  is  no  doubt  tbat  tlie  mesli  euiployed  in  the  mil!  lias 
a  verj-  direct  btiaiing  on  the  amount  of  gold  caught  on  our 
plates,  and  following  on  this  it  may  be  further  stated  that 
withiu  reasonable  limits  the  finer  the  mesh  the  greater  the 
efficiency  of  amalgamation. 

It  would  appear,  therefore,  that  fine  grinding  gains  one 
impoi-tant  advantage,  even  at  this  stage,  over  coarse  grinding, 
anil  this  fact  must  not  be  overlooked  when  the  cost  of  fine 
grinding  is  being  taken  into  consideration. 

It  has  l>een  miggested  by  many  writers  that  if  a  coarse 
mesh  is  used  on  the  mill,  the  pulp  after  passing  over  the  plates 
should  be  classified  into  tine  pulp,  capable  of  passing  through 
a  mcsli  of  100  holes  ti>  the  linear  inch,  and  that  the  balance, 
consisting  of  coarser  fiagnicnlfl,  should  be  returned  to  the  mill. 
The  percentage  of  sliniL's  separated  in  this  way  varies  very 
considerably  on  different  mines,  and,  expressed  in  figures,  em- 
ploying a  GOO  mesh,  it  might  be  put  approximately  at  from  40 
per  cent,  to  60  per  ceut..  and  the  amount  returned  to  the  mill 
would  therefore  vary  in  this  ratio,  and  the  capacity  of  the  mill 
would  equally  vary. 

As  before  stated,  it  is  most  important  tu  get  the  highest 
possible  e.ttraction  by  amalgamation,  and  if  by  finer  grinding 
the  extriutitui  can  be  improved,  we  are  faced  with  a  problem 
the  solution  of  which  will  determine  the  limitations  of  fine 
grinding. 

As  the  operations  of  cyaniding  and  sliming  are  conducted 
to-day  the  queatitui  of  fine  grinding  lias  an  important  bearing, 
and  on  most  raine»  the  operation  of  milling  is  conducted  to 
produce  as  small  an  amount  of  slimes  as  possible,  as  the  sub- 
(wnueiit  settlement  of  the  sands  and  the  leaching  product  pro- 
vided by  thai  settlement  is  directly  influenced  by  the  amount 
of  slime  in  the  pulp:  that  is  to  say,  if  the  whole  of  the  ore 
was  sitmeil  to  a  point  where  it  would  all  pass  through  a  mesh 
of,  say,  :;0(1  holes  to  the  linear  inch,  then  our  present  sands 
troatmcnf:  ronld  luA  be  practised.  The  points  therefore  are:  — 
1.  To  what  cNfcut  could   we    increase    our   extraction   by 

anialgaiuniiuii  liy  fine  grinding!' 
1i.  To  what  extent  do  we  depreciate  the  value  of  our  sands 

treatment  on  the  same  score?     And, 
3.  Assuming  that  we  slime  everything,  and  we  treat  the 
pulp  after  leaving  the  plates  as  a  slime,  would  i-esults 
on  that  basis  show  a  higher  extraction  on  the  com- 
bined  operations  of  amalgamation   and   slimes   treat- 
ment,   fnan   at    present    obtained    on    amalgamation, 
sands  treatment,  and  slimes  treatment. 
Into  this  consideration  enter  many  factors  of  importance, 
which  may  be  stated  as  follows:  — 

1.  la  there  any  known  method  for  the  treatment  of  such 
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slimes  which  has  operated  successfully  over  a  given 
period  ? 

2.  Does  that  operation  entail  further  capital  expenditure 

in  the  way  of  plant,  or  further  working  costs  in  opera- 
tion ? 

3.  Could  we  safely  calculate  to  get    the    same    extraction 

from  the  whole  of  the  pulp  treated  as  slimes  as  we  do 
from  the  slimes  plant  in  operation  on  the  Rand  to- 
dav? 

In  reply  to  these  questions,  we  have  not,  as  far  as  these 
fields  are  concerned,  any  evidence  which  entirely  fulfills  the 
requirements  of  a  complete  reply,  but  we  have  certain  evidence 
in  the  way  of  experiments  conducted  on  a  fairly  large  scale  on 
these  fields,  and  we  have  data  obtained  from  other  fields  where 
sliming  is  resorted  to,  which  would  imply  that  there  are  pos- 
sibilities embodied  in  the  queries  which  are  worthy  of  the  most 
minute  investigation. 

If  it  be  decided  that  the  whole  of  the  pulp  should  be 
slimed,  we  have  before  us  sufiicient  evidence  to-day  to  convince 
ourselves  that  such  equipment  as  would  be  required  for  the 
operation  is  available.  I  refer  specifically  here  to  the  Flint 
Mills  working  in  Western  Australia,  duplicates  of  which  have 
already  been  introduced  on  these  fields  for  purposes  of  experi- 
ment. 

We  are  not  in  a  position  to  say  what  the  cost  of  that 
sliming  would  be,  and  that  can  only  be  proved  by  experiment 
on  a  practical  scale.  The  possibilities,  however,  involved  in 
the  suggestion  have  an  enormous  bearing  on  the  future  of  these 
fields,  but  before  enlarging  on  this  point  further  I  shall  deal 
with  the  other  sections  of  our  operations. 

COXCEXTRATIOX. 

In  the  matter  of  concentration,  we  have  three  methods  in 
operation  to-day,  which  may  be  described  as  follows:  — 

1.  An  ordinary  settling  box  is  placed  between  the  overflow 

from  the  amalgamated  plates  and  the  settling  tanks, 
and  the  full  flow  from  the  launder  passes  into  this  box, 
and  a  rough  classification  of  the  heavier  product  in 
the  pulp  is  made. 

2.  The  pulp  from  the  plates  passes    through    a    series    of 

Spitzlutten  varying  in  size  and  number,  the  product 
from  which  is  continuously  discharged  into  separate 
treatment  vats. 

3.  The  pulp  after  leaving    the    plates    passes    over    Frue 

vanners,  Wilfley  Tables,  or  other  mechanical  concen- 
trating device,  and  the  product  in  some  cases  is  sold  to 
chemical  works,  whilst  in  others  it  is  treated  on  the 
mine  by  roasting  and  chlorination,  or  other  suitable 
treatment. 
There  is  no  question  that  in  the  Witwatersrand  ores  the 
gold  in  the  pyritic  content  offers  itself  more  readily  to  extrac- 
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tion  in  one  case  as  compared  with  others.  Hence  we  find  that 
on  some  mines,  althougli  the  pyritic  content  of  the  ore  is  rich 
in  gold,  a  high  extraction  is  obtained  from  it  in  the  ordinary 
cyanide  process  for  the  treatment  of  sands,  whilst  in  others 
only  a  very  low  percentage  yield  can  be  obtained  by  that 
method.  Hence  several  of  the  mines  are  compelled  to  resort 
to  one  or  other  of  the  forms  of  concentration  above  specified. 
In  some  cases  the  first  method,  with  subsequent  cyanide  treat- 
ment, yields  fairly  satisfactory  results,  and  the  expenditure 
with  this  method  is  low. 

The  second  method  provides  a  cleaner  concentrate  than  the 
first,  and  the  cost  of  treatment  by  the  ordinary  cyanide  process 
is  moderately  high. 

The  third  method  gives  a  product  containing  relatively  a 
high  percentage  extraction  to  the  ordinary  cyanide  process. 
With  this  class  of  concentrate  roasting  and  chlorination  is  in 
most  cases  adopted,  but  when  the  original  cost  of  mechanical 
concentration,  with  the  subsequent  cost  of  roasting  and  chlor- 
ination is  figured  out,  it  is  found  to  be  a  highly  expensive  pro- 
cedure. 

It  has  been  establislied  clearly  by  experiment  that  these 
concentrates,  if  ground  fine  enough  to  pass  through  a  mesh  of 
200  holes  to  the  linear  inch,  yield  a  very  high  percentage  of 
their  gold  content  to  a  simple  method  of  agitation  in  Ihe 
presence  of  air  in  cyanide  solution,  the  time  of  treatment  being 
very  short.  On  one  mine  on  these  fields  a  plant  is  now  being 
erected  to  take  the  whole  of  the  concentrates  made  bv  Frue 
vanners,  grind  them  fine  in  a  Flint  Mill,  and  treat  them  by 
cyanide  in  the  presence  of  air  as  above  suggested. 

The  cost  of  the  concentration  alone,  however,  is  such  a 
heavy  charge  on  these  concentrates  that  the  question  arises 
whether,  in  a  case  where  the  whole  of  the  pulp  has  to  be 
slimed,  better  results  would  not  be  obtained  without  resorting 
to  concentration  at  all.  It  has  been  conclusively  proved  that 
both  from  concentrates  and  slimes  a  high  extraction  can  be 
obtained  in  a  very  short  treatment  if  the  charge  be  agitated 
in  cyanide  solution  in  the  presence  of  air,  but  the  same  proof 
has  not  been  forthcoming  in  the  matter  of  finely-ground  sands 
as  from  concentrates  and  slimes,  and  having  finally  proved  this 
point,  the  way  becomes  clear  for  an  alteration  in  our  whole 
present  scheme  of  the  treatment  of  sands,  concentrates  nnd 
slimes. 

The  tendency  on  these  fields  to-day  is  to  neglect  the  ques- 
tion of  concentration  by  mechanical  means.  It  would  bo  in- 
teresting, however,  before  deciding  that  such  a  step  is  the  cor- 
rect one,  to  take  the  residues  from  sands  treatment  and  the 
residues  from  slimes  treatment  on  all  the  mines  on  the  fields, 
and  by  extracting  from  these  their  pyritic  content,  ascertain 
finally  what  amount  of  gold  is  still  left  in  the  concentrates; 
and  to  my  mind  it  would  be  clearly  shown  that  there  are  some 
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instances  where  concentration  under  present  conditions  would 
show  better  results  than  are  being  obtained.  In  my  opinion 
this  is  information  that  should  be  regularly  recorded  on  every 
mine. 

In  the  matter  of  slimes  treatment  a  good  deal  has  been 
done  in  the  past  10  years,  but  in  view  of  the  fact  that  current 
slimes  will  readily  yield  their  gold  in  a  high  percentage  when 
treated  by  a  continuous  agitation  method,  1  think  there  ia. 
room  for  improvement  in  practice  to-day. 

The  problem  that  confronts  us  in  this  case  is,  after  the 
treatment  of  the  slimes  by  agitation,  to  economically  and 
expeditiously  separate  the  solution  from  the  settled  slimes,  and 
to  leave  not  more  than,  say,  from  10  per  cent,  to  15  per  cent,  of 
moisture  in  the  final  residues — preferably  less.  The  present 
practice  is  to  first  settle  the  slimes  and  decant  all  the  clear 
water,  then  add  cyanide  solution  and  pump  the  whole  of  the 
mixture  into  treatment  tanks,  and  circulate  from  one  tank  to 
another  by  pumping ;  then  settle  further  and  draw  off  the  solu- 
tion containing  the  gold,  and  then  wash  the  remaining  slimes 
one  or  more  times,  settle  between  each  operation,  and  draw  off^ 
the  clear  liquid,  and  finally  discharge  the  residues  containing 
some  40  per  cent,  to  50  per  cent,  of  moisture. 

It  has  been  clearly  proved  in  other  countries  that  by  filter 
pressing  the  separation  of  the  slimes  and  contained  water  can 
be  very  efficiently  carried  out. 

The  problem  here  is  to  find  out  to  what  extent  filter  press- 
ing could  be  worked  on  our  slimes  residues,  taking  into  careful 
consideration  the  cost  of  the  operation,  and  further  to  so- 
arrange  our  plants  that  the  necessary  agitation  can  be  obtained 
without  resorting  to  settling,  pumping,  and  decantation 
methods  now  in  vogue. 

The  settlement  of  these  problems  should  give  us  a  plant 
costing  us  considerably  less  in  initial  outlay,  and  one  which 
could  be  operated  at  a  much  lower  cost  per  ton. 

It  has  already  been  pointed  out  by  various  metallurgists 
that  we  may  find  it  advantageous  at  some  future  date  to  carry 
out  the  operation  of  amalgamation  quite  apart  from  milling. 

If  it  is  possible  to  treat  our  pulp  in  one  operation,  as  sug- 
gested in  these  notes,  it  would  not  be  difficult  to  arrange  that 
the  amalgamation  be  carried  out  under  the  same  roof  as  the 
treatment  of  slimes  product,  and  one  metallurgist  would  there- 
fore control  the  whole  of  the  treatment  of  the  pulp,  whilst  the 
mill  would  be  run  by  engineers. 

Finally,  the  object  of  our  investigations  is,  by  combining 
our    treatment    of    concentrates,    sands,    and    slimes    into    one 
operation  to  obtain  :  — 

1.  Decreased  initial  outlay  on  equipment. 

2.  Decreased  maintenance  on  plant. 

3.  Less  labour  required. 

4.  Less  handling  of  residues. 
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5.  Considerably  lower  working  costs.     And 

6.  Considerably  increased  profits  per  ton. 

The  matter  of  increased  extraction  is  obviously  a  considera- 
tion of  the  highest  importance,  but,  admitting  that  there  were 
no  improvement  on  this  score,  the  other  advantages  mentioned 
would  represent  very  material  advances,  which  might  be  ex- 
pressed as :  — 

1.  Larger  dividends. 

2.  Lower  grade  mines  now  lying  idle  as  unpayable  coming 

within  the  margin  of  profit-earners. 

The  importance  of  these  two  last  factors  to  the  industry, 
the  community,  and  the  country  at  large,  cannot  be  overlooked, 
and  in  view  of  such  a  statement  the  efforts  of  the  whole  indus- 
try should  be  constantly  directed  towards  accomplishing  the 
ends  at  which  we  are  aiming. 

In  concluding  my  remarks  I  should  like  to  mention  that 
there  are  many  points  of  detail  which  call  for  attention  that  I 
have  not  touched  upon,  preferring  rather  to  deal  only  with 
those  which  appear  to  me  of  the  most  vital  importance  to-day. 

To  summarise,  we  have  the  following  points  for  determina- 
tion :  — 

1.  The  limitations  of  Preliminary  Breaking. 

2.  The  limitations  of  Sorting. 

3.  The  limitations  of  Crushing. 

4.  The  limitations  of  Milling. 

5.  The  limitations  of  Fine  grinding  by  attrition. 

6.  The  limitations  of  Amalgamation. 

7.  The  limitations  of  Slimes  Treatment. 

8.  The  limitations  of  Concentration    and    the    Treatment 

of  Concentrates. 

9.  The  limitations  of  Filter  Pressing. 

10.  The  limitations  of  Extraction. 

By  the  solution  of  these  problems  we  hope  to  arrive 
at:  — 

1.  Simplified  operations. 

2.  Eeduced  number  of  operations. 

3.  Combined     Treatment    of    Concentrates,    Slimes,    and 

Sands. 

4.  Increased  Extraction. 

5.  Lower  Working  Costs. 

6.  Reduced  Capital  Expenditure. 

7.  Increased  Dividends. 

8.  Profitable  treatment  of  low  grade  ores. 

NOTK  —In  July,  1903,  the  writer  dealt  with  some  of  the  points  mentioned  in  the 
foregoing  paper,  and  produced  certain  evidence  in  the  way  of  fieures,  experi- 
ments, etc.,  in  support  of  his  contentions.  The  present  paper  lias  been 
framed  on  the  assumption  that  the  figures  eiven  in  the  previous  paper  have 
been  accepted.  (See  **  Observations  on  the  Metallurgical  Practice  of  the 
Witwatersrand."  Journ.  Chem.  Met,  Soc.  S.  Afr.,  Vol.  IV.  No.  I. ,  .Tobannes- 
burg,  July.  1903.) 


10.— THE  BLIZZARD  OF  JUNE  9th.l2th,  1902. 

By  C.   M.  Stewart,  B.Sc,  Meteorological  Commission  op 

Cape  Colony. 

[Abstract.] 

(Plates  V  .&  VI.) 

Seldom  has  South  Africa  been  visited  by  a  snowstorm  of 
such  severity,  duration,  and  extent  as  that  which  started 
approximately  at  6  p.m.  on  the  evening  of  the  9th  of  June, 
1902,  and  continued  practically  without  intermission  at  many 
places  till  the  morning  of  the  12th.  On  plotting  the  stations 
at  which  snow  was  reported  to  have  fallen,  it  is  found  that  it 
covered  a  very  large  area  (See  PI.  V.),  limited  on  the  east  by 
the  Drakensberg  Hange,  bordering  Natal — from  Charleston  to 
Richmond  and  Ixopo — thence  along  the  spurs  of  that  range  by 
Kokstad,  Maclear,  Barkly  East,  Dordrecht,  south  to  Dohne, 
then  eastwards  to  Fort  Fordyce,  and  along  the  Winterberpr  to 
the  neighbourhood  of  Cradock.  No  snow,  however,  seems  to 
have  fallen  either  at  Cradock  or  over  that  plateau  of  the 
Northern  Karroo,  of  which  it  forms  the  southern  entrance,  so 
that  the  boundary  of  the  snow  area  then  turns  northwards 
through  Tarkastad,  thence  north-west  to  Maraisburg;  it 
then  runs  in  a  westerly  direction  through  Tafelberg  Hall 
to  the  Sneeuwberg  Range  to  the  north  of  Graaff- 
Reinet;  here  the  boundary  seems  to  have  extended  south-east- 
wards along  the  Zwagershoek  Mountains  to  Somerset  East. 
Westwards,  it  extended  as  a  narrow  belt  through  De  Kruis 
(Middelburg)  to  Wagenaar's  Kraal.  From  De  Kruis  (Murrays- 
burg)  the  boundary  runs  in  a  northerly  direction  to  De  Aar,  and 
thence  north-eastwards — some  distance  to  the  west  of  the  railway 
— at  least  as  far  as  Kroonstad.  It  will  thus  be  seen  that  the  storm 
took  place  chiefly  along  the  upper  parts  of  the  Orange  River* 
the  falls  of  snow  being  heaviest  about  Kokstad,  Basutoland,  and 
the  neighbourhood  of  Barkly  East  and  Aliwal  North  and  in  the 
railway  cutting  between  Naauwpoort  and  Carlton.  The 
snow  seems  to  have  died  out  a  little  to  the  west  of  the  railway 
line  in  the  Orange  River  Colony,  although  it  was  again  re- 
ported by  observers  at  stations  near  the  Kaap  Plateau,  from 
New  Year's  Kraal,  northwards  through  Griquatown  to  New- 
lands,  in  Barkly  West;  while  snow  also  fell  in  small  quantities 
at  Douglas,  Hope  Town,  Zeekoegat  in  the  Britstown  Division, 
and  Biesjesdam  in  Victoria  West.  Outside  of  this  central  area 
snow  and  sleet  fell  at  Zwartberg  Pass  for  four  days  (9th-12th), 
also  as  far  south  as  Concordia  (Knysna),  on  the  Outeniqua 
Mountains,  and  the  Piquetberg  Mountains.  Most  peculiarly  it 
was  reported  as  lying  on  the  Palmiet  River  Flats  in  the  Caledon 
Division,  while  the  snow  lay  on  the  face  of  Table  Mountain  on 
the  morning  of  the  10th  to  a  lower  elevation  than  has  occurred 
before.     It  may  be  noted  that  it  is  a  comparatively  rare  occur- 
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rence  for  snow  to  be  seen  on  Table  Mountain,  as  between  1860 
and  1903  only  seven  instances  have  been  noted — ^viz., 
2nd  September,  1860;  ITtli  July,  1862;  12tli  September, 
1864;  22nd  August,.  1869;  24tli  May,  1895;  10th  Juno, 
1902;  and  the  17th  August,  1903.  The  amount  of 
damage  done  has  not  been  ascertained,  but  quite  a  large 
number  of  lives  were  lost,  and  thousands  of  cattle  and  sheep 
died,  not  so  much  from  the  snowstorm  itself  as  from  the  in- 
tense and  prolonged  frosts  which  succeeded  this  blizzard. 
Although  the  maximum  fall  of  snow  seems  to  have  been  equiva- 
lent to  about  3^  in.  of  rain,  the  exceptionally  strong  south-east 
and  subsequent  south-west  winds  collected  the  snow  into  drifts, 
in  some  cases  20  feet  deep,  rendering  communication  with  many 
places,  especially  in  Kaffraria,  impossible.  During  this  period 
the  rainfall  was  extremely  heavy  over  large  areas  in  the  east, 
(see  PI.  YI.),  the  maxima  being  9.25  in.  in  22  hours  at  Flag- 
staff* between  8  a.m.  on  the  11th  and  6  a.m.  on  the  12th,  and  8.06 
in.  at  Port  St.  John's  in  23  hours  on  the  same  dates.  Judging 
from  the  barometric  readings,  this  storm  seems  to  have  origi- 
nated in  an  area  of  low  pressure  in  the  north  of  the  Colony,  while 
the  pressure  in  the  west  and  south  was  increasing  rapidly,  after 
the  passage  of  a  depression  south  of  our  coasts. 

The  area  of  the  snowfall  seems  to  have  been  even  more 
extensive  than  is  indicated  above,  for,  as  the  following  transla- 
tion from  the  "  Meteorologische  Zeitschrift "  of  March,  1904 
(p.  147),  the  original  of  which  was  kindly  supplied  by  Mr.  E.  T. 
A.  Innes,  Director  of  the  Transvaal  Meteorological  Service, 
shows,  it  extended  over  German  South-West  Africa  :  — 

**  As  an  abnormal  weather  condition,  we  ought  particularly 
"  to  mention  the  snowfall  and  intense  frost,  which  occurred  on 
"  the  10th  to  11th  June,  1902.  The  snow  was  specially  noted  in 
"  the  central  and  southerly  portions  of  the  Protectorate,  while 
"  the  northern  and  extreme  southern  parts  seem  to  have  been 
"  exempt.  It  apparently  occurred  almost  simultaneously  over 
"  the  affected  area.  From  Tloachanasl  particularly  is  reported  : 
"  '  On  the  10th  June,  4  p.m.,  snow  10  centimeters  (3.9  inches) 
"  '  deep,  which  continued  to  lie  on  shady  places  having  a  south- 
'' '  erly  aspect,  till  the  12tli.' 

*'  It  is  interesting  to  find  that  about  the  same  time  a  snow- 
'*  storm  occurred  in  the  Transvaal  and  the  Cape  Colony,  which 
"  was  so  severe  as  to  cause  the  stoppage  of  railway  trains.  As 
"  the  result  of  incjuiries,  it  has  been  ascertained  that  snow  fell 
*' in  the  neighbourhood  of  Windhoek  in  the  years  1891  and  1892 
**  only.  In  the  cold  period  of  the  year  1902,  particularly  low 
"  temperatures  were  observed,  thus  the  temperature  at  Wind- 
•'  hoek-  seems  to  have  fallen  to  -8''  and  -9°  Cent,  in  June 
''(i.e.,   17.6°    to    15.8°     Fahr.).      According    to    the    views    of 

•  Ai»i)roxiinate  position  of  Hoachanas,    Lat.  23^  57'  S. ;  Long.  17'  58'  E. ; 

Height,  4,3fK)  feet. 
-!  Lat.  22'  30'  S.  ;  Long.  17'  6'  E.  ;  Height,  5,315  feet. 
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**  the  older  Colonists,  after  such  abnormal  phenomena — snow 
"  and  intense  cold — a  series  of  rainy  years  formerly  ensued,  an 
"  opinion  the  confirmation  of  which  is  much  to  be  desired." 


EXPLANATION   OF    PLATES. 

Plate  V.  shows  the  area  over  which  snow,  irrespective  of  quantity,  was  reported 
to  have  fallen  on  one  or  more  days  during  the  period  June  9th— 12th.  The  con- 
tinuous lines represent  the  mountain  ranges  on  which  snow  was  reported 

to  be  lying  ;  while  the  portions  bounded  by  broken  lines  ( )  represent 

the  continuous  areas  over  which  snow  fell.    A  comparison  of  this  map  with  one 
giving  contour  lines,  shows  that  the  snow-area  closely  followed  the  3,5()rift,  contour. 

Plate  VL  shows  approximately  the  distribution  of  precipitation  during  the  period 
June  9th— 12th,  in  terras  of  inches  of  min  ;  the  amount  of  the  precipitation 
increases  with  the  intensity  of  the  shading,  those  areas  having  approximately  equal 
amounts  of  rainfall  being  bounded  by  continuous  lines  (Isohyets  or  lines  of  ecjual 
rainfall).  This  map  taken  in  conjunction  with  PL  V.  will  give  a  t'ood  idea  of  the 
areas  over  which  the  snowfall  was  heaviest. 


11.— RESULTS   OF    SOME    FURTIIEM    OBSERVATIONS 
UPON  THE  RATE  OF  EYAPOlt  ATION. 

By  J.  R.  Sutton,  M.A.    (Caxtab),  F.R.Met.S. 

Routine  observations  of  evaporation  at  Kenilworth  (Kim- 
berley)  are  made  with  the  following  instruments:  — 

1.  A  Piehe  Atmometer  of  the  usual  pattern.  The  eva- 
poration takes  place  from  a  specially  prepared  disc  of  blotting 
paper  kept  constantly  wet.  It  is  assumed  that  the  evaporation 
is  equal  from  equal  areas  all  over  the  exposed  part  of  the  paper 
disc  above  and  below.  The  tube  is  graduated  on  the  glass  to 
equal  volumes,  and  reduced  to  depth  in  inches  by  means  of  a 
suitable  factor.     This  instrument  is  mounted  in  the  shade. 

2.  An  iron  tub  about  14  inches  diameter  and  18  inches 
deep,  standing  in  a  louvred  screen.  The  quantity  of  evapora- 
tion is  read  from  a  pointer  which,  actuated  by  a  float,  travels 
over  a  graduated  dial,  and  magnifies  the  fall  in  level  ten  times. 

'5.  A  circular  steel  tank,  rather  over  46  inches  diameter 
and  29  inches  deep,  placed  in  the  centre  of  a  cemented  brick 
cistern  of  about  7  feet  square,  and  open  to  the  sky.  The  walls 
of  the  cistern  rise  some  8  inches  higher  than  the  rim  of  the 
tank.  The  outer  cistern  is  kept  supplied  with  water  up  to  a 
level  about  equal  to  that  of  the  evaporating  surface  of  the 
tank,  but  there  is  no  communication  from  one  to  the  other.  A 
magnified  record  of  the  fluctuations  of  the  level  inside  the  tank 
is  made  by  means  of  suitable  machinery. 

Comparative  results  averaged  from  observations  made 
during  the  four  years  1900-1904,  are  given  in  Table  1.  The 
totals  by  the  Piche  Atmometer  and  tlie  Screened  Tub  are 
divided  into  two  parts,  which  may  conveniently  be  denoted  the 
evaporation  by  day  and  the  evaporation  by  night;  the  former 
beinj?  reckoned  from  8  a.m.  to  8  p.m.,  the  latter  from  8  p.m.  1o 
8  a.m.  Monthly  and  annual  totals  of  evaporation  from  the 
Tank  are  also  given  in  the  Table. 

We  see  from  this  Table  that  while  the  ditterence  between 
the  evaporations  from  the  Piche  Atmometer  and  the  Screened 
Tub  are  not  great  during  the  night,  the  Piche  totals  are  con- 
siderably greater  by  day.  The  reason  is  not  at  all  clear;  but 
the  most  likely  explanation  seems  to  be  that  the  roughness  of 
the  wet  surface  indicates  a  greater  evaporating  surface  for  the 
higher  velocity  of  the  day  wind  to  act  upon.  The  greater 
range  of  temperature  in  the  Piche  tul>e,  on  account  of  its 
smaller  bulk,  may  also  contribute  something  to  the  result. 

Shaw  made  an  interesting  comparison  between  a  number 
of  different  evaporimeters.  He  obtained  the  following  com- 
parative results  :  — 
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Instrnnient. 


Evapomting  Surface. 


Wild       ... 
Lamont  ... 
De  la  Rue 
Piche 


Free  Water  Surface       38.0  sq.  in. 


Area  of 
Surface. 


Do. 
Wet  Pairlmieiit  Pai)er 
Wet  Filter  Paper 


7.6 

19.5 

1.7 


?» 


Relative 
Evaporation. 


Redaction 
Factor. 


26.5 
43.6 
32. 

54.8 


1.000 
.595 
.820 

.485 


Shaw's  final  conclusions  are  :  — "  The  area  of  the  evaporat- 
ing surface  appears  to  be  the  main  cause  of  the  very  great 
differences  between  the  indications  of  the  different  instruments. 
.  .  .  .  The  evaporation  is  less  as  ihe  area  exposed  to  eva- 
poration becomes  greater This,  however,  though 

accounting  for  the  larger  part  of  the  differences,  does  not  give 
by  any  means  a  complete  explanation.  The  difficulties  pointed 
out  in  describing  the  working  of  the  different  instruments  give 
rise,  doubtless,  to  errors  that  can  at  present  only  be  classed  as 
accidental,  and,  moreover,  in  case  the  temperature  of  the  air 
changes,  we  shall  probably    have    the    evaporating    water    at 

different  temperatures  in  the  different  instruments 

The  observations  show  plainly  that  the  amount  of  water  eva- 
porated from  any  surface  of  water  depends  upon  so  many  condi- 
tions besides  those  determined  by  Ihe  state  oi  the  air,  that  very 
little  meteorological  information  can  be  obtained  from  them 
until  the  effect  of  these  secondary  conditions  can  be  measured 
and  allowed  for."  * 

Comparative  ratios  of  evaporation  from  the  three  Kenil- 
worth  instruments  are  :  — 

N^ght. 
27. T(] 
33.81 

Old .  1 1  * 

In  summer  there  is  an  approach  to  equality  in  all  three 
gauges,  but  in  winter  the  Tank  evnporatea  niucli  less  than  the 
Tub,  and  still  less  than  the  Piche  Tube.  Comparative  percent- 
ages according  to  season  are:  — 


Piche 

Tub 

Tank 


Day. 
T2.24 
66.19 
67.81 


Total. 
100.00 
100.00 
100.00 


Pirlie 

Tub... 

Tank 


Jan    -Mar, 

27.19 
29.4.3 
32.82 


April— .lune. 


KJ.l.i 
14.29 
12.47 


.Inly    .Sept. 


22.37 
19.28 
15.()3 


October— Dec 

34.29 
37.00 
39.08 


1  W.  N.  Shaw,  **  Report  on  Kvaixjrimeters,'  1884.  It  is  to  be  noted  that 
Stefan  makes  tlie  (piantity  of  eva]»onition  (lei)end  upon  tlie  diameter,  and  not  upon 
the  area  of  a  ciirnlar  evaporatinir  ve.*«sel. 
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It  appoare  from  these  results  tliat  it  is  nol  possible  to  redm 


the  iiiiiicatiuns  of  one  evapori meter 
uieans  of  any  simple  factor. 

Approximiitf   formulae   for  the   i 
from  tlie  middk'  of  January,  are:-- 
I'lCHE. 


thu! 


B- 

.■23+.0(l8  6m 
+.l)Oa  sin 

(n80 

+  i3r> 
+  1»H") 

R  = 

.IS-'.OOBaio 
+  .012  sin 

(nffll 
(nOO= 

+  128^) 
+  172-) 

E- 

.Ill4-.ii3un 
+.1)12  liD 

is 

tiir) 

+-1M"J 

of   another    by 


(3) 


None  of  these  terms  agree  with  the  corresponding  ter.  ._ 
for  lemperalurc.  The  epochs  of  the  first  harmonic  terms  are 
varlior  llian  tlic  first  harmonic  terms  of  maximum  temperature, 
and  still  earlier  than  those  of  moan  temperature.  For  each 
gauge  the  epoch  of  the  first  harmonie  term  nf  evaporation  falls. 
indeed,  between  tlie  beginning  and  end  of  December,  whereas 
the  temperatiiit'  epoch  comes  at  the  end  of  the  same  month.' 
Since  Uc-toher  and  November  are  considerably  drier  than 
January  and  Fcbnuirv,  it  seeuis  that  the  influence  of  the  de- 
creased humidity  iti  toe  spring  is  here  npparent. 

These  hiiriiinriii-  formulae  urt'  worked  out  on  the  assump- 
tion that  eacli  iiiihiMl  is  onc-twelflh  of  a  year.  .Since  the 
months  vary  in  lengtli,  this  will  ilinplace  the  epochs  somewhat, 

Carticularlv  iu  tlic  terms  afd-r  the  lliird.  No  useful  purpose, 
owever,  sw'uis  likely  lo  be  alliiined  by  dividing  the  year 
accurately  into  iiliquot  parts,  for  probably  the  diurnal  varia- 
tion would  introduce  errors  equally  serious.  Bessel,  in  discuss- 
ing the  Kfinigiibcrg  lemperatuies,  divided  the  year  into  73 
periods  of  o.0(Y-V-V2  days,  or  in  auffular  measure  4  deg.  55  min. 
§3.425  see.  earli.  ami  computed  tlie  formula  as  far  as  the  fourth 
hamonic  term  12  The  labour  colailed  was,  of  course,  enonnout'. 
and  not  appiu-entlv  vcrv  fiuitful.^ 

Ill  Table  'J  will  be  fiunid  a  tabular  scheme  of  horary  values 
of  all  Ibe  m''ii-uriilii;i'iial  elements  which  seem  likelv  to  be  of 
iniport.-inii'  in  iiilincurinfr  the  evaporation.  Willi  the  idea  of 
makinp  thr  uniidicrs  more  comparable,  the  total  ranges  from 
greatest  to  leasl  loive  in  every  case  been  expressed  in  parts  of  a 
thousand,  ami  sliouii  in  the  columns  beaded  "rise  from  mini- 
mnm,"  or  "  fall  fnun  maximum."  The  last  two  columns  have 
befn  cnmpuled  by  means  of  Fitz-Gerald's  formula  :  ibev  will 
be  referred  lo  agiiin  later  on.  All  the  maxima  are  in  heavy 
type:  the  minima  are  in  italics. 

It  is  evident  that  the  evaporation  is  most  rapid  nearly 
hnlf-an-hoiir  earlier  than  the  time  when  the  air  Is  holiest  and 

'  Her   "  Piiiiie   lt<-siillJi  ileriml    h-om   tlie  (^on«lnnt  Vuliies    in   lli"?    IV-riudir 
fMlnnW."     Tfiiii'itl.m.AS.A.  PlnLfiocVolXlV.,  I'nit  2.,  p.  Ii;t. 
'.  W.  I!.,  flirt  IV..  1H7U. 

■ver,  Unim.  Lfki-h":/:  p.  7:i.). 
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driest.  From  which  it  appears  that  the  earlier  maximum  wind 
velocity  has  greater  influence  than  the  later  minimum  of  vapour 
tension.  A  curious  fact  is  that  the  minimum  of  evaporation 
comes  earlier  than  the  minimum  of  any  other  element :  indeed 
the  evaporation  is  rapidly  increasing  while  the  temperature  of 
the  air  is  still  falling,  and  its  relative  humidity  still  rising. 
We  are  referring  here,  of  course,  to  annual  means  and  totals. 
It  seems  probable  that  the  rate  of  increase  after  sunrise  in  the 
more  vigorous  summer  evaporation  is  sufficient  to  impress  itself 
upon  the  annual  averages.  This  does  not  agree  with  the  Cairo 
results,  in  which  temperature  and  evaporation  taken  at  inter- 
vals of  two  hours,  "  have  exactly  the  same  daily  period,"  winter 
and  summer.l 

The  hourly  totals  of  evaporation  from  the  Tank  may  be 
conveniently  summarised  by  the  formula — 

E= 2.476 +  1.477  sin  (nl5''  +  24r) 
+  .621  sin  (nriO"  4-  35") 
+  ,26(Uin(n45V170°) 

+   (4) 

counting  from  midnight.  In  this  formula  the  epoch  of  the 
first  harmonic  term  agrees  fairly  well  with  the  first  terms  in 
the  formulae  for  temperature,  wind,  and  vapour  pressure^ 
but  no  clue  is  given  by  the  other  terms  enabling  the  various 
influential  elements  to  be  separated  one  from  the  other. 

It  appears  from  these  results  that  no  great  advance  in  our 
knowledge  of  evaporation  as  a  meteorological  product  is  to  be 
expected  while  the  treatment  is  confined  to  the  ordinary 
methods  of  statistical  and  ant^lytical  investigation ;  and  that 
we  should  appeal  rather  to  experiment.  The  rest  of  this  paper, 
therefore,  is  a  discussion  of  the  Kenilworth  observations  largely 
from  this  point  of  view. 

Tables  3  and  4  have  been  formed  in  the  following  way:  — 
First  certain  of  the  meteorological  elements  (i.e.,  barometric 
pressures,  air  temperatures,  quantities  of  evaporation  from  the 
Tank,  and  wind  movements)  have  been  tabulated  according  to 
season,  for  humidity  percentages  less  than  40  per  cent.,  and 
lying  between  40  per  cent,  and  50  per  cent,  respectively.  These 
again  have  been  rearranged  in  sets,  according  to  increase  of 
velocity,  each  set  being  a  sequence  of  barometric  pressures. 
The  quantities  of  evaporation  and  wind  movement  are  for  the 
whole  day  of  24  hours ;  the  barometric  pressures,  air  tempera- 
tures, and  humidity  percentages,  are  the  means  of  24  hourlv 
readings.  Days  upon  which  any  rain  fell  are  not  included. 
The  yearly  means  and  totals  are  the  averages  of  the  quarterly 

'  Hann,  Lfhrhuch  rfer  Meteorolofjif,  |).  209.  Hann  remarks  in  passins:  that 
"both  daily  and  yearly  periods  of  evaporation  enclose  tliemselves  in  the  ranee  of  tem- 
perature niore  or  less  exactly,  the  daily  period  at  any  rate  more  than  the  yearly, 
upon  which  latter  also  the  variation  of  the  other  meteorological  elements  has  great 
infhience. 

2  For  these  values  see  "An  Elementary  Synopsis,  &c."  Tranmctionn  S.A, 
PhU,  Soc,  Vol.  XIV,,  Part  2,  p.  133. 
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numbers,  on  tlie  assumption  that  the  latter  are  normal  means^ 
The  last  coliunn^  "  ETapctmtion  corrected  to  ft>  dcfr,/"  has  been 
computed  from  the  last  but  one  by  the  addition  of  .008  inch 
to  the  observed  eTaporation  for  each  decrease  of  temperature 
below  63  d^.  This  value  is  accepted  from  a  previous  paper.* 
In  this  connection  the  assumption  is  also  made  that  the  mean 
temperattire  of  the  air  and  (if  the  water  surface  is  the  same. 
I  have  not  been  able  to  take  hourly  observations  of  the  tem- 
perature of  the  water  in  the  Tank  nor  to  devise  a  trustworthy 
method  of  doin^  so  by  automatic  meaus:  but  from  occasional 
observations  it  seems  a  fair  conclusion  that  for  annual  average 
results  the  temperatures  (if  air  and  water  may  be  callcnl  about 
e<|ual,  the  latter  being,  perhaps,  on  the  whole  colder  by  day 
and  warmer  by  night :  its  mean  maximum  being  probiibly 
somewluit  greater  than  tluit  of  the  air  in  summer,  but  less  in 
winter.  The  range  of  temperature  in  the  Tank  open  to  the 
sky  should  be  greater  than  it  is  in  the  Tub  screencil  from 
radiation.  The  mean  temjicrature  of  the  Tank  is  also  pn^lwtbly 
sdmewhat  the  higher. 

Only  two  facts  stand  out  with  any  proniinence  from  these 
Tables :  that  a  decreased  evaporation  gi>es  with  a  lower  tem- 
perature, as  well  as  with  a  gentler  wind  movement.  The  first 
IS  apparent  in  comparing  the  n»siilts  season  by  season:  the 
second  in  taking  the  average  evaporation  under  each  wind 
velocity.  The  quantities  of  evaporation  (corrected  for  tem- 
perature to  G^^  deg.),  arranged  in  order  of  wind  velocity,  are  :  — 


Wiml  in  Miles  per  Day. 


Ii(^s  than      lOCi    ... 
lOti— 150 
l.Vi-'iOo 

Greater  than  2<)0    ... 


HumiiUty 
40  iH?r  I 

lielow 
if  lit. 

HuuiiiUt.v  40 
t-eni,  -.v^  |»er 

per    , 

IVIlt. 

llumi<Uty  t»elow 

,143 

in. 

.UW  in. 

1 

.l.V>  in. 

.180 

.1«7 

.174 

.H)0 

.lS(i 

.ISS 

.217 

.2«« 

.210 

It  appears  from  this  lust  i(»sult  also  that  a  gn»ater  evapora- 
tion goes  Willi  i\  (leeieased  luiinidity. 

A  further  result  is  that  by  romparing  winter  and  summer 
temperatures  in  Tables  •*{  and  4,  we  find  a  mean  excess  of 
evaporation  per  dieni  per  degree  of  tempenitiirc  of  about  .Oil 
ineli.  We  shall  see  presently  that  this  value  is  perhaps  made 
up  of  two  parts. 

With  the  object  of  removing  some  of  the  uncertainties  of 
Tables  3  and  4,  concomitant  values  of — 

*  "  Results  of  some  K.xperinients  upon  the  Kate  of  Kva])omtion."    '/hniAuction* 
S.A.  PhU.  Soc,  Vol.  XIV.,  Part  1.,  p.  43. 


126  Eepout— 1904. 

(1)  the  mean  temperature  of  the  air; 

(2)  the  mean  temperature  of  the  dew  point; 

(3)  the  mean  barometric  pressure; 

(4)  the  total  wind  movement;  and 

(5)  the  quantity  of  evaporation 

have  been  tabulated  for  each  day  upon  which  the  humidity 
ratio  was  between  40  per  cent,  and  45  per  cent.,  rain  days  being 
rejected  from  the  list  as  before.  This  particular  range  of 
mean  daily  humidity  has  been  selected  because  it  is  found  at 
all  seasons,  and  is  not  as  a  rule  accompanied  by  rain.  The 
next  step  is  to  arrange  the  separate  items  in  order  of  tempera- 
ture.    The  result  is  given  in  Table  5. 

According  to  this  arrangement  we  observe  that  as  the 
temperature  rises — 

(1)  the  dew  point  rises; 

(2)  the  barometer  falls; 

(3)  the  wind  first  increases  and  then  decreases; 

(4)  the  evaporation  increases. 

In  the  Table  the  range  of  pressure  is  not  great:  and  the 
wind  velocity  (which  in  any  case  will  be  less  still  on  the 
ground)  only  varies  between  5.2  and  6.7  miles  per  hour.  Re- 
garding, then,  these  two  elements  for  the  present  as  fixed,  we 
may  consider  the  evaporation,  under  the  given  conditions  of 
humidity,  as  made  up  of  three  parts :  one  clue  to  the  tempera- 
ture of  the  water,  another  to  the  temperature  of  the  air,  and 
the  last  to  the  amount  of  moisture  in  the  air.  As  a  first 
approximation  we  may  express  the  relation  bv  tlie  formula — 

E  =  K+aT  +  bt  +  cd '. (5) 

where  E  is  the  required  quantity  in  inches  of  evaporation  in 

one  day, 
K  is  the  known  mean  evaporation, 

T  the  deviation  from  the  daily  mean  temperature  of  the  air, 
t  the  deviation  from  the  dailv  mean  temperature  of  the  water. 
<1  the  deviation  from  the  daily  mean  temperature  of  the  dew 

point, 
a,  b,  c,  constants  to  be  determined  by  trial. 
The  constant  b  may  be  put  equal  to  .008  inch.   By  substituting 
in  the  formula  from  Table  5,  supposing  the  mean  temperatures 
of  air  and  water  to  be  the  same,  and  solving  the  six  resulting 
equations  by  the  method  of  least  squares,  we  find 

E  =  .199-  0034T  +  .008t+  0O26d. 

This  equation  is  by  no  means  exact.  Five  of  the  quantities  of 
evaporation  observed  agree  fairly  well  with  those  computed  by 
the  formula,  but  the  first  is  considerably  in  error.  The  differ- 
ences, too,  seem  to  be  progressive,  the  computed  quantities  in- 
creasing faster  than  those  observed.  An  examination,  how- 
ever, of  the  individual  numbers  from  which  the  observed  means 
are  deduced  suggests  that  these  differences  would  be  less  in  a 
longer  series.  Moreover,  there  is  still  the  outstanding  uncer- 
tainty as  to  the  mean  temperature  of  the  water — i.e.,  whether. 
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even  if  the  annual  means  of  air  and  water  temperatures  be  the 
same,  seasonal  means  and  sequences  will  also  be  the  same  for 
each.  The  total  temperature  correction  for  air  and  water 
comes  out  at  .0114  inch.  This  value  is  at  any  rate  in  very 
satisfactory  agreement  with  the  value  .011  inch,  cU^luced  from 
Tables  3  and  4.  The  formula  is,  of  course,  only  intended  to 
express  the  deviation  of  evaporation  at  Kenilworth  from  the 
mean  in  a  steady  wind;  it  makes  no  preteni'^  to  be  of  general 
application. 

The  next  step  is  to  rearrange  the  corresponding  elements  in 
order  of  wind  velocity.  The  average  results  are  given  in  Table 
6.  The  column  entitled  "  corrected  evaporation  "  has  been 
computed  from  the  constants  of  Table  5.  It  seems  from  this 
that,  starting  with  a  velocity  of  3.4  miles  per  hour,  the  increase 
of  evaporation  varies  as  the  square  of  the  increase  of  velocity. 
This  gives  a  greater  cvaporaticm  than  if  the  evaporation  varied 
as  the  square  of  the  velocity.  Possibly,  however,  the  latter 
is  nearest  the  mark,  although  even  itself  too  great. 

Finally,  the  quantities  of  evaporation  arranged  in  order  of 
barometric  pressure  are  given  in  Table  7.  The  last  column 
gives  the  evaporation,  corrected  for  temperature,  dew  point, 
and  wind  velocity,  by  the  respective  values  previously  found. 
Whatever  the  pressure  correction  may  be,  these  results  do  not 
tell.  Hann,  in  his  Handbooh  of  (limatolojjif^  states  that 
"  under  similar  conditions  of  relative  humidity,  temperature, 
and  wind  velocity,  evaporation  is  much  greater  on  mountains 
than  at  lower  levels,  because  of  the  diminished  pressure  aloft. 
.  .  .  .  The  relative  humidity  alone  is  therefore  no  sufficient 
criterion  for  the  evaporating  powers  of  a  mountain  climate: 
the  diminished  pressure  makes  it  possible  for  the  water  vapour 
which  has  been  formed  to  be  distributed  nnuli  more  rapidly 
through  the  air,  and  hence  evaporation  is  accelerated. ''^ 
Such  a  statement  seems  reasonable,  a  jtr'uni,  althouflrh  I  have 
not  met  with  any  experiments  which  seem  calculated  to  prove 
it  for  a  water  surface  directly,  as  well  as  for  a  wet  bulb  ther- 
mometer. Certainly  a  range  of  pressure  of  one-tliird  of  an 
inch  at  Kenilworth  is  not  sufficient  to  override  the  combined 
influence  of  other  fartors,  not  even  when  they  have  been  to 
some  extent  allowed  for. 

The  following  passage,  quoted  from  Meivorological 
Apparatus  and  Methods,  is  of  interest  in  connection  with  the 
subject  of  this  paper: — "Instead  of  measuring  the  tempera- 
ture of  the  surface  of  evaporating  water,  as  in  the  psychro- 
meter,  it  is  appropriate  to  measure  the  rate  of  the  resulting 
evaporation,  as  in  the  evaporimeter.  This  measurement  is 
usually  considered  as  a  means  of  ascertaining  for  engineering 
purposes  the  (juantity  of  water  lost  by  the  earth  or  by  reser- 
voirs, eic,  and  as  giving  the  meteorologists  a  crude  npproxima- 

»  Hann,  Handhookof  Ciimatologn  (Ward's  Kditinn),  p.  'JIXK 
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tion  to  the  quantity  of  water  daily  thrown  into  the  atmosphere. 
But  the  rate  and  the  temperature  of  evaporation  are  equally 
dependent  on  the  dryness  of  the  air  and  the  velocity  of  the 
wind,  and  are  therefore  equally  available  as  means  of  deter- 
niining  the  hygrometric  condition.  Owing  to  the  small  mass- 
involved  in  the  temperature  observations  by  the  wet-bulb 
thermometer  that  instrument  is  adapted  to  give  the  momentary 
condition  of  the  atmosphere.  On  the  other  hand,  the  large 
masses  required  in  the  measuring  operations  of  the  evapori- 
meter  renders  this  instrument  important  to  the  meteorologist* 
as  a  means  of  ascertaining  the  average  hygrometric  condition 
of  the  air  during  a  long  interval.  From  this  point  of  view, 
therefore,  this  becomes  an  integrating  hygrometer,  and  de- 
mands a  more  minute  theoretical  investigation  than  has  as  yet 
been  given  to  it. 

"  At  present  we  can  only  indicate  the  basis  of  this  investi- 
gation. The  most  accurate  observations  available  are  those 
made  in  1876  to  1882  by  Desmond  Fitz-Gerald,  civil  engineer, 
engineer  in  charge  of  the  Chestnut  Hill  Reservoir,  near  Boston, 
Mass.  Fitz-Gerald's  observations  combined  with  Stefan's 
work  on  diffusion  should  give  a  first  approximate  formula  for 
the  utilisation  of  the  evaporimeter  as  an  intergrating  hygro- 
meter  

"  Fitz-Gerald's  measurements  of  the  evaporation  of  water 
in  pans  14.85  inches  in  diameter,  in  which  one  ounce  of  water 
is  represented  by  a  depth  of  0.01  inch,  gave  him  the  value  of 
E,  or  the  depth  of  water  in  inches  evaporated  in  one  hour. 
These  measures  were  made  at  the  ordinary  atmospheric  pres- 
sures, and  do  not  show  any  appreciable  eft'ect  due  to  the  ordi- 
nary range  of  the  barometer  at  Boston.  They  are  represented 
quite  closel}'  by  an  empirical  formula  similar  to  those  deduced 
by  other  investigators,  namely — 

E  =  I  0.014  ( V  -  v)  +  0.0012  (V  -  \f  }   (1  +  0.67 W  • «)    (6) 

for  which  Fitz-Gerald  uses  the  approximate  expression 

E  =  0.01(Mi(V-v)(l+W/-2} (7) 

in  which  Y  is  the  vapour  tension  in  inclies  of  mercury  corre- 
sponding to  the  temperature  of  the  water: 

V  is  the  vapour  tension  corresponding  to  the  dew  point  in 
the  free  air; 

W  is  the  velocity  of  the  wind  in  miles  per  hour,  measured 
by  the  Robinson  Anemometer  at  the  level  of  the  water  surface. 
Fitz-Gerald  finds  that  tlie  velocity  recorded  by  an  anemometer 
30.5  feet  above  the  water  is  three  times  that  prevailing  at  the 
surface. 

"  Comparative  observations  made  in  the  sunshine  and  the 
shade  are  equally  well  represented  by  the  above  formula.  The 
evaporation  from  snow  and  ice  was  also  measured  with  minute- 
ness and  found  to  be  well  represented  by  this  formula. 

"  If,  then,  the  temperature  of  the    water    is    observed,    so 
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that  y,  E,  and  W,  are  known,  then  the  Fitz-Gerald  formula 
gives  the  average  vapour  tensicni  in  the  free  air  during  the  time 
in  whicli  the  evaporation  was  effected ;  for  which  purpose  it 
may  be  written 

v  =  V-(K)E(l  +  W/2} (8) 

This  use  of  the  evaporimeler,  therefore,  is  additional  to  its 
ordinary  use  lor  engineering  purposes,  but  implies  that  the 
temperature  of  the  water  and  the  velocity  of  the  air  at  its  sur- 
face be  observed. "1 

It  is  interesting  to  compare  Fitz-Gerald's  formula  with 
my  results  above.  For  daily  totals,  and  a  wind  velocity  ut 
about  40  feet  above  the  surface,  the  formula  becomes 

E  =  0.4(V-v)(l+W/n) • (9) 

where  for  Fitz-Gerald's  gauges  n  =  6. 

Substituting  the  wind  velocities,  and  the  vapour  pressures 
suitable  to  tlie  temperatures  of  Table  5,  we  find  the  denomina- 
tor 6  considerablv  too  small  to  satisfv  the  Kenil worth  observa- 
tions :  n  in  fact  ranging  from  15  to  27,  and  averaging  about 
21.  A  large  part  of  the  reascm,  in  point  of  magnitude,  is  un- 
doubtedly d\w  to  the  sheltered  position  of  this  station,  but  this 
does  not  account  for  the  widely  divergent  values  given  in  the 
column  **  n  "  of  Tabic  5.  According  to  Fitz-Gerald's  results, 
the  evaporation  in  a  calm  will  be  doubled  when  the  velocity  at 
an  altitude  of  *30  feet  is  6  miles  per  hour;  trebled  when  it  is 
12.  For  a  temperature  of  G1.6  deg.,  and  a  dew  point  of  3T  deg., 
the  Fitz-Gerald  formula  gives  an  evaporation  of  .131  inch  per 
diem,  which  is  rather  less  than  would  be  expected  by  Table  6; 
and  a  vehxity  of  18  miles  per  hour  would  give  an  evaporation 
of  more  than  half  an  inch.  Assuming  the  law  of  squares  in- 
dicated by  Table  6  to  hold,  however,  the  evaporation  would  be 
doubled  when  tlie  velocity  was  15  miles  per  hour,  while  a  velo- 
city of  21  miles  per  hour  would  give  an  evaporation  of  0.5 
inch. 

Substituting  the  vapour  pressures  corresponding  to  the 
mean  temperatures  of  Table  6  in  Fitz-Gerald's  formula,  we 
have — 

E  =  0.205  =  0.4  (.618 -. 246)  (1+6.4/n) (10) 

giving  n  =  17. 

If  now  we  suppose  the  temperature  of    the    water    raised    ore 

degree,  we  shall  find 

E  =  0.217  =  O.4(.640-.246)  (1+6.4/17)^ (11) 

giving  nearly  the  same  increase  as  equation  (5)  gives  when  air 
and  water  together  each  rise  through  1  deg.  But  if  we  take 
the  denominator  n  =  6,  the  corresponding  increase  is  E  =  .812  to 
E  =  . 330  inch. 

No  doubt  the  difference  between  the  value  of  n  obtained  by 
Fitz-Gerald,  and  that  applicable  to  the  Kenilworth  results,  may 

^  Cleveland  Abbe,  Metforoiofjical  Ajyparatu*  avtf  Methods,  p.  377. 
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be  largely  due  to  the  great  difference  in  the  capacity  of  the 
evaporating  vessels,  and  to  the  exposures  of  the  same,  so  that 
it  would  be  fruitless  to  venture  to  criticise  the  formula  merely 
on  the  value  of  n.  My  difficulty  is  rather  with  the  circum- 
stance that  the  formula  ignores  the  humidity  of  the  air,  indi- 
cating that  under  an  assigned  dew  point  a  vessel  of  water  at 
a  given  temperature  will  not  lose  any  more  in  a  warm  (and 
dry)  air  than  it  will  in  a  cold  (and  damp)  air. 

I  have  not  seen  Fitz-Gerald's  paper,  nor  do  I  know  upon 
what  grounds  the  relative  humidity  is  neglected  either  by  its 
author  or  by  the  other  investigators  mentioned  by  Abbe.  That 
its  omission  must  be  based  on  good  reason,  or  what  looks  like 
good  reason,  is  certain.  At  the  same  time  its  absence  may  not 
be  altogether  unquestionable,  and  it  seems  worth  enquiry 
whether  over  and  above  the  influence  of  the  temperature  of  the 
water  there  should  be  a  term  or  factor  depending  upon  the  tem- 
perature (or  humidity,  which  comes  to  the  same  tiling)  of  the 
air.  It  is  possible  that  the  temperature  of  the  water  is  under- 
stood to  depend  upon  the  heat  received  from  sun  and  air,  and 
the  heat  lost  in  consequence  of  the  degree  of  dryness  of  the  air. 
If  so  it  may  apply  better  to  mean  conditions  than  to  individual 
observations.  That  is,  it  may  be  more  a  summary  than  a  law. 
Certainly  it  is  not  a  law  in  the  sense  that  the  factor  0.4  (V — ^v) 
marks  the  evaporation  due  to  the  temperature,  and  the  factor 
(1 — W/n)  that  due  to  the  wind;  for  V  itself  largely  depends 
upon  W .  On  a  dry,  windy  day  the  rapidity  of  evaporation  will 
of  itself  considerably  lower  the  temperature  of  the  water  sur- 
face. It  is  to  the  credit  of  the  formula,  as  a  summary,  that 
applied  to  Table  5  the  value  of  E/.4  (Y — v)  is  not  in  any  case 
greatly  different  from  1.3.  ;  .,. 

Of  oourse,  the  best  test  would  be  furnished  by  a  ser;^3  of 
hourly  temperatures  of  the  water  surface.  These,  unfortun- 
ately, do  not  exist  at  Kenil worth.  But  the  matter  may  be  in- 
vestigated in  another  way;  dealt  with  backwards,  in  fact. 
Suppose  we  take  the  mean  values  of  Table  2,  and  from  them 
compute  the  hourly  water  temperatures.     Then 

V  =  nE/6(n+W)-fv (12) 

The  exact  value  of  n  is  immaterial,  and  will  not  affect  the  tem- 
perature sequences.  In  the  present  case  it  is  computed  equal 
to  16  from  the  mean  values  of  Table  2. 

From  this  formula  we  determine  the  computed  water  tem- 
peratures of  Table  2.  It  remains  to  compare  them  with  obser- 
vation. 

Some  summer  observations  of  ilio  temDerature  of  the  water 

during  1904  at  selected  hours  gave  the  following  differences  of 

temperature,  air  //imi/.s^  water : 

VIII.      IX.       XIII.    XVII.    XX.     XXIII. 
-4M      -IM      -3.1      -4.1      -7.1      -8.5 

These  differences  would,  no  doubt,  be  somewhat  modified  in  a 
longer  series  of  observations,  but  they  show  at  any  rate  that  at 
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a  seaBoii  when  evaporation  is  on  tlie  wliole    fairly    rapid,    the 
temperature  of  the  air  falls  after   suuset   much    more   rapidly 


than  llmt  of  the  water.     Xow  the  s 


perature  must  he  more  impuriaut  than  the  winter  rates,  because 
the  summer  evaporation  is  greater,  and  therefore  the  latter 
must  impress  its  character  upon  the  evaporation  for  the  year. 
So  that  if  we  aasume  that  the  summer  rates  hold  all  through 
the  year,  we  shall  err.  if  at  all,  on  ihe  right  side.  As  we  have 
simply  to  ponipare  the  shapes  of  Hie  curves  of  computed  and 
ohscrved  water  temperatures,  wo  will  suppose  them  to  agree  at 
XIII.     Then  they  are 

VIII.  IX  XIII.  XVII.  XX.  XXIII. 
Coiii|>iil«l  .  HOMl  B2'.3  T2\l  fiT.Vi  m\[)  ST-6 
01»erved  ...  .ifi'.a  59". 0  72'-7  OT.B  62",6  Sia".a 
This  gives  the  result  that  the  computed  temperatures,  based  as 
we  know  upon  the  observed  evaporation,  are  greater  before 
noon,  and  less  after,  than  the  obsened  temperatures.  That  is, 
while  the  relative  humidity  is  falling  the  evaporation  is  greater 
than  it  should  be  for  a  given  water  tompei'ature,  and  while  the 
huraidily  is  rising  the  evaporation  is  less;  and.  moreover,  the 
differences  between  the  observed  and  computed  leniperatures 
are  actually  nearly  at  their  greatest  when  the  change  of 
humidity  is  most  rapid.  This  seems  to  suggest,  if  not  to 
prove,  that  the  temperature  (or  humidity)  of  the  air  has  some 
influence  upon  the  rate  of  evaporation,  but  it  proves  nothing 
as  to  the  mode  of  action.  We  should  expect,  to  begin  with, 
that  any  postulated  increment  of  evaporation  due  to  an  in- 
crease of  humidity,  over  and  above  that  due  to  the  temperature 
of  Ihe  water,  would  he  greater  or  less  than  the  mean  according 
as  the  humiility  was  less  or  greater.  This,  on  the  face  of  it.  is 
not  S(j;  and  it  follows,  therefore,  that  the  process  must  be  in- 
direct, or,  perhaps  it  would  be  better  to  say,  sluggish. 

Tlie  following  experiment  was  arranged  with  the  idea  of 
examining  this  result,  and  incidentally  illustrating  the  process 
of  evaporation  from  a  water  surface  and  Ihe  diffusion  of  the 
derived  vapour  in  a  quiet  air.  A  copper  evaporation  gauge, 
five  inches  diameter  and  five  inches  deep,  was  placed  about  two 
feet  ah<ive  the  ground  under  a  large  louvred  screen,  and  kept  as 
nearly  as  possible  half  full  of  water.  A  psychrometer  with  its 
two  spherical  bulbs  three  inches  apart  was  so  mounted  that  tho 
bulbs  were  very  nearly  I hree -quarters  of  an  inch  above  the 
water  surface,  and  thei-eforc  a  little  less  (han  two  inches  below 
the  rim  of  the  gauge.  The  wet  bulb  was  supplied  with  mois- 
ture by  means  of  a  thin  wick  attached  lieneafh.  instead  of 
round  the  neck;  and  dipping  into  the  water  of  the  gauge.  Ahotil 
18  inches  above  this  psychrometer,  »nd  in  free  air,  was  another 
of  ordinary  pattern,  in  every  way  similar  to  Ihe  first  except 
that  the  bulbs  wei-e  five  inches  apart,  Ihe  wick  attached  to  the 
neck  of  Ihe  wet  bulb  in   "  ' 

water  from  a  glass  cup. 


ordinary  way,  and  supplied  with 
Simultaneous    observations    of   the 
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readings  of  the  two  psychrometers  and  of  the  temperature  of 
the  water  surface  in  the  gauge  were  made  from  time  to  time. 

The  wet  and  dry  bulb  observations  were  reduced  for  dew 
point  and  relative  humidity  by  means  of  Glaisher's  Tables^ 
these  being  possibly  better  for  the  purpose  than  the  Smith- 
sonian Tables,  which  premise  a  forced  draught.  Naturally  the 
error  of  the  dew  point,  by  whatever  Tables  deduced,  must  be 
appreciable;  although,  since  the  environment  of  the  psychro- 
nieter  within  the  gauge  is  somewhat  humid,  and  the  water  sur- 
face not  differing  greatly  from  the  air  in  temperature,  the  wet 
bulb  should  read  at  least  as  near  tbe  truth  as  a  wet  bulb  in 
the  still  air  of  a  room,  for  example.  With  regard  to  the- 
choice  of  Hygrometer  Tables,  it  happens  that  a  forced  draught 
makes  very  little  difference  to  a  wet  bulb  properly  screened 
when  the  relative  humidity  is  high.  In  anv  case  since  the 
main  argument  is  based  on  sequences  of  numbers  rather  than 
upon  absolute  values,  the  method  of  reduction  is  not  of  the 
greatest  consequence. 

The  humidity  ratios  observed  (and  so  computed)  ranged 
between  22  per  cent,  and  97  per  cent,  in  the  air,  and  between 
»52  per  cent,  and  100  per  cent,  inside  the  gauge.  The  water 
temperatures  ranged  between  59  deg.  and  84  deg. ;  the  air  tem- 
peratures between  60  deg.  and  90  deg.  The  wet  bulb  inside  the 
gauge  was  always  higher  than  that  outside.  The  dry  bulb  in- 
side the  gaucre  stood  nearlj-  always  between  the  temperature  of 
the  water  and  that  of  the  outsi(le  air.  It  stood  sometimes,  I 
fancy,  lower  than  it  should ;  for  when  the  water  was  cooler 
than  tlie  air,  an  independent  thermometer  introduced  beside  the 
same  dry  bulb  read  at  times  as  much  as  0.5  deg.  higher,  and 
would  remain  higher  for  some  time.  I  have  not  discovered  the 
reason  of  this.  The  cooling  may  be  due  to  a  deposit  of  a  very 
thin  film  of  moisture  upon  the  bulb ;  but  if  so  the  deposit  was- 
not  visible  under  a  strong  magnifying  glass. 

The  wind  seems  to  have  had  no  demonstrable  influence 
upon  the  relative  readings  of  the  psychrometers.  At  any  rate, 
whatever  its  influence  may  have  been,  it  was  lost  in  the  crowd 
of  others.  The  following  are  the  differences  of  the  computed 
dewpoints  for  assigned  winds :  — 
Wind,  in  Miles 
Per  Hour. 

0—2 

2—4 

4—6 

6—8 

8—10 

Greater  than  10 

In  Table  8  will  be  found   the   mean    results,   arranged    in 

order  of  humidity.       The  fourth  column  gives  the  differences 

of  computed  humidity  between  the  inside   and    outside   of   the 

gauge  for  average  intervals  of  about  10  per  cent.     Evidently 


Difference   of 

Dew  Points. 

4.6 

deg. 

4.0 

deg. 

4.0 

deg. 

8.7 

deg. 

4.3 

deg. 

4.5  deg. 
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when  the  outside  air  is  saturated  such  difference  must  be  zero. 
As  the  air  gets  drier,  the  difference  increases  step  by  step  until 
a  humidity  of  about  60  per  cent,  in  the  free  air  is  reached. 
After  this  the  tendency  seems  to  be  for  a  stationary  difference 
of  10  per  cent,  more  or  less,  or  even,  if  the  method  of  deter- 
mining the  humidity  can  be  trusted  to  such  a  degree  of  accu- 
racy, to  a  decrease.  At  any  rate,  the  drying  power  of  the  out- 
side air,  when  it  is  less  than  half  saturated,  upon  the  inside 
wet  bulb,  is  greater  than  the  moistening  power  of  the  stratum 
of  water  beneath.  Throughout  the  experiment  there  was  not 
much  difference  between  the  temperatures  of  the  water  in  the 
gauge  and  of  the  free  air.  When  the  humidity  of  the  air  was 
between  20  per  cent,  and  -W  per  cent,  the  average  temperature 
of  the  water  was  about  85  deg.,  that  of  the  air  about  87  deg. 
When  the  humidity  of  the  air  was  between  90  per  cent,  and 
100  per  cent,  the  temperature  of  the  water  was  about  63  deg., 
that  of  the  air  about  62  deg.  Upon  any  theory  much  more 
water  must  have  been  evaporating  at  the  higher  temperature, 
and  therefore  if  there  were  no  diffusion  outside  the  gauge  the 
vapour  tension  immediately  above  the  water  would  be  higher 
at  the  lower  humidity  than  it  would  be  at  the  higher.  But 
since  the  tension  is  actually  lower  (see  Table  8),  it  follows  that 
the  rate  of  diffusion  in  the  free  air  is  greater  as  the  tempera- 
ture of  the  air  rises.  This  result,  therefore,  is  not  antagonistic 
to  our  previous  result  that  an  increasing  air  temperature^ 
will  quicken  the  evaporation  from  a  water  surface  of  given 
temperature. 

A  variation  of  this  part  of  the  subject  is  introduced  in 
Table  9.  The  water  temperatures  are  arranged  in  sets,  60  deg. 
— 65  deg.,  65  deg. — 70  deg.,  etc.,  and  compared  with  the  other 
corresponding  elements;  each  set  being  then  subdivided  into 
sections  of  hicrh,  mean,  and  low  humidity.  A  number  of  in- 
teresting results  may  be  obtained  from  this  Table.  We  see 
first  of  all  that  while  the  water  temperature  is  rising,  and  the 
vapour  tension  at  its  surface  consequently  increasing,  the  dew 
point  in  the  free  air,  as  it  happens,  is  falling.  Xow  when  this 
fall  of  the  dew  point  is  relatively  rapid  we  see  that  the  vapour 
tension  inside  the  gauge  falls,  whereas  when  the  fall  is  slow 
the  vapour  tension  inside  the  gauge  increases.  For  instance, 
consider  the  rise  of  water  temperature  from  62.6  deg  to  66.8 
deg. :  the  decrease  of  vapour  tension  in  the  free  air  in  this 
case  is  .011  inch,  i.e.,  from  .439  inch  to  .428  inch,  whereas  the 
vapour  tension  inside  the  gauge  rises  from  .475  inch  to  .480 
inch.  Again,  consider  the  rise  of  water  temperature  from  62.2 
deg.  to  78.2  dcflr.  The  concomitant  vapour  tension  in  the  free 
air  here  falls  .043  inch,  i.e.,  from  .399  inch  to  .356  inch,  while 
the  vapour  tension  within  the  gauge  remains  nearly  constant. 
Or,  taking  averages,  the  vapour  tension  inside  the  gauge  will 
increase,  remain  constant,  or  decrease,  accordinsr  as  the  fall  of 

*  Or  a  decreasing  Iiuniidity. 
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vapour  tension  in  the  free  air  is  less  than,  equal  to,  or  greater 
than,  .033  inch  per  rise  of  10  deg.  of  water  temperature.  It 
seems  to  be  a  fair  inference  that  a  high  temperature,  or  in 
other  words  a  low  humidity,  of  the  free  air  does  tend  to  pro- 
mote the  decrease  of  vapour  tension  in  the  stratum  of  air 
lying  upon  water,  and  so  must  quicken  the  rate  of  evaporation. 
These  issues  are  set  forth  here  more  as  a  basis  for  future 
research  when  the  opportunity  shall  at  last  come,  than  as  de- 
monstrated facts.  Granting  their  truth,  then  a  more  or  less 
humid  air  behaves  to  the  emanations  of  material  particles 
from  a  water  surface  much  as  it  does  to  the  radiation  of  dark 
heat  from  cooling  terrestrial  substances.  If  I  understand 
Professor  V^ery  aright,  the  aqueous  vapour  of  the  atmosphere, 
whatever  its  state,  will  check  the  radiation  of  heat  from  the 
earth;!  it  is  known  besides  that  the  more  humid  the  air  the 
less  the  radiation ;  that  is  to  say,  the  total  effect  consists  of  two 
parts,  one  due  to  the  aqueous  vapour  as  such,  the  other  to  its 
condition  in  relation  to  the  prevailing  temperature.  In  the 
same  way  evaporation  would  seem  to  be  checked  both  by  the 
quantity  of  aqueous  vapour  present  in  the  atmosphere,  and  by 
its  humid  condition.  Maxwell  has  remarked  that  **  the  rate  at 
which  the  diffusion  of  any  substance  goes  on  is  in  every  case 
proportional  to  the  rate  of  variation  of  the  strength  of  that 
substance  in  the  fluid  as  we  pass  along  the  line  in  which  the 
diffusion  takes  place.  Each  substance  in  a  mixture  flows  from 
places  where  it  exists  in  greater  quantity  to  places  where  it  is 
less  abundant.  The  law  of  diffusion  of  matter  is  therefore  of 
exactly  the  same  form  as  that  of  the  dift'usion  of  heat  by  con- 
duction."2  It  would  be  interesting  to  examine  the  above 
results  in  the  same  connection.  For  while  Maxwell's  remarks 
apply  more  particularly  to  quantity,  these  deal  also  with 
quality.  Stefan's  dift'usion  formula,  as  quoted  by  Preston  (I 
have  not  seen  the  original),  is  also  based  on  the  quantity  of 
vapour,  and  takes  no  account  of  the  humidity  :  *'  If  a  be  the 
radius  of  a  circular  basin,  k  the  coefficient  of  diffusion,  P  the 
atmospheric  pressure,  p'  and  p"  the  pressure  of  the  vapour  at 
the  surface  and  very  far  away  from  it  respectively,  the  mass  of 
vapour  which  escapes  from  the  basin  per  unit  time  is 

M=4ka(P-p'0/(P-p') (13) 

Thus  M  is  proportional  to  the  radius  of  the  basin  and  not  to 
its  surface,  as  commonly  supposed. "3  Evidently,  if  my  ex- 
periments described  above  are  to  be  trusted,  k  would  have  to 
change  a  little  with  every  change  of  relative  humidity. 

'  F.  Very,  Atmospheric  Uadiathn^  passim. 
Maxwell,  Thenrtf  of  Heat,  p,  27H.     See  also  bv    the  same   aiitlior,   Art. 
*'  Diftiision,"  Eve.  Brit.,  p'lli  Ed.,  Vol,  VII.,  p.  2\\ 
•'  Preston,  Theory  of  lien t^  p.  291. 
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TABLE    5. — QUANTITIES   OF   EVAI»OUATIOX    AURAXGED    ACCORDING 

TO   TEMPERATURE. 

(Humidity  40%  to  45%.) 


N...  of 
()h>erv- 
tions.  1 

Tempera - 
ture. 

Dew  Point. 

Pressure. 

Wind 
VelcM?ity. 

Evaporation 
per 
<uty. 

Emporatir.n 

correcte<l 

to  05-4'^ 

n 

i 

o 

». 

Inches, 

Mile«  per 
•lay. 

Inch. 

Inch. 

30     ' 

526 

30 

26^208 

141 

;          120 

•222 

20 

32     , 

579 

.34 

•185 

130 

•1,37 

•197 

27 

24 

629 

38 

•121 

125 

•185 

•206 

15 

19 

67-9 

42 

•129 

139 

•213 

•193 

2i» 

26 

731 

47 

•063 

,         148 

1        -258 

•196 

20 

.30 

77-8 

52 

•025 

162 

•283 

•184 

26 

161 

1 

654 

405 

26^122 

!         141 

'        •190 

*199 

18 

TABLE    (). — QUANTITIES   OF   EVAPORATION    ARRANOEl)    ACCORDING 

TO   WIND    VELOCITY. 

(Humidity  40%  to  45%.) 


No.  of 
Observ- 
ations. 

Win<l 
VelfK'ity. 

Teinpem- 
ture. 

Dew 
Point. 

l*ressnre. 

Evaporation 
per  day. 

Correct  e<l 
Evapor- 
ation. 

41 
55 
4(> 
19 

Miles  per  day. 

82 
P28 
172 

153 

616 
651 
676 
66  0 

•>< 

40 

42 

41 

Inches. 

26176 
•137 
iW5 
•<»66 

Inch. 

•153 
•188 
-2-25 
•2,V2 

•205 

Inch. 

•184 
•188 
-203 
•245 

161 

651 

40 

•26116 

•205 

TABLE    t. — (^CANTITIES   OF    EVAPORATION    ARRANGED    ACCORDING 

TO    PRESSURE. 

(Humidity  40%  to  45%.) 


No.  of 
( Miser  V- 
at  ions. 

Pres.Hure. 

Inches. 

•251M)5 

•26-D56 

•1,38 

•284 

Tempera- 
ture. 

73 
60 
63 

58 

1  Dew  Point. 

Wind 
Velocity. 

Miles  per  day. 

182 
147 
136 
118 

Kvaporation 
I»er  day. 

Corrected 
Evapor- 
ation. 

23 
52 
44 
42 

46 
44 
38 
34 

Inch. 

•303 
•2-25 
•171 
•131 

Inch. 

-22*2 
•205 
-203 
•210 

161 

•261 11 

66 

40  5 

146 

•207 

■207 

140 
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TAIJLE   9. — COMPARISON   OF   VAPOUR   TENSIONS   WITHIN    AND 

WITHOUT   THE   EVAPORATION   GAUGE,   ARRANGED   IN 

A   SEQUENCE   OF   WATER   TEMPERATURES. 


.Me*in 

Water 

Teiu- 

peniture. 

Huuiiditv 

<»f  the 

Free 

Air. 

Mean 
Vapour 
TeiiM  OD  at 
the  Water 
Tempera- 
ture. 

Mean 

Vapour 

'JeuHion 

in»i(le 
(lauge. 

Mean 

Vapour 

Tensfon 

outMide 

(}auge. 

Differ- 
ence. 

Differ- 
ence. 

Differ- 
ence. 

H" 

o: 

w 

v 

V" 

W-V 

V'-V" 

W-V" 

Inch. 

Inch. 

Inch. 

Inch. 

Inch. 

79*3 

28-1 

•999 

•414 

•3-24 

•585 

•090 

•675 

78^2 

32-8 

•963 

*445 

•356 

•518 

•089 

•6(»7 

77-2 

37-0 

•932 

•473 

•386 

•459 

•087 

•546 

7-2H 

38-6 

•799 

•431 

•349 

•368 

•082 

A5i> 

7-2Mi 

44-4 

•799 

•463 

•385 

•336 

'078 

•414 

72-7 

51-7 

'802 

•5(>8 

•432 

•294 

•076 

•370 

67-1 

49-3 

•663 

•434 

•373 

•2-29 

•061 

-29(> 

<J6S 

,       02-2 

•656 

•480 

•4-28 

•176 

•052 

•228 

H6-6 

74-9 

*6r)I 

•524 

•480 

•127 

•044 

•171 

62-2 

64-6 

•059 

•442 

•399 

•117 

•043 

•16(» 

62-6 

74-3 

•567 

•475 

•439 

•092 

•036 

•1-28 

«31 

87-5 

•577 

\-)26 

•495 

•051 

*031 

•082 
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SECTION    B. 


PRESIDENT'S   ADDRESS. 


THE    HISTORY    OF    STRATIGRAPHICAL    INVESTIGA 

TION   IN   SOUTH   AFRICA. 

By  Geo.  S.  ConsToiiPniXE. 


At  a  meeting  such  as  this  we  may  well  take  the  oppor- 
timity  of  reeording  our  scientific  progress,  and  reviewing  some 
of  the  problems  which  still  await  solution.  As,  however,  it 
would  be  impossible  for  anyone  to  deal  adequately  with  even 
half  of  the  departments  of  science  included  in  Section  B,  it 
seems  most  appropriate  that  I  should  confine  myself  to  the  sub- 
ject to  which  my  own  energies  are  devoted,  and  place  before 
you  some  portion  of  our  geological  knowledge  which  may  per- 
haps prove  of  general  interest.  I  shall,  therefore,  with  your 
permission,  sketch  the  history  of  stratigraphical  investigation 
in  South  Africa,  and  try  to  show  to  what  extent  we  have 
arrived  at  a  solution  of  the  questions  involved,  and  how  much 
yet  remains  to  be  done. 

Geological  inquiry,  like  all  scientific  work  over  so  extended 
an  area  as  South  Africa,  is  bound  for  a  long  time  to  result 
simply  in  a  series  of  unconnected  observations,  and  we  find  that 
much  of  the  earlier  geological  literature,  and  even  some  of  the 
later,  is  not  a  little  puzzling  by  its  indiscriminate  nomenclature 
and  absence  of  connected  view.  At  the  present  day  we  are  for- 
tunate in  having  not  only  a  considerable  number  of  able  private 
workers,  but  also  systematic  geological  survevs  carried  on  by 
the  governments  of  the  Cape,  the  Transvaal,  and  Natal,  by 
means  of  which  all  the  work  will  in  time  be  co-ordinated,  and 
80  gradually  give  us  accuracy  in  details,  as  well  as  a  more 
scientific  grasp  of  the  broad  problem  of  the  evolution  of  this 
portion  of  the  earth's  surface. 

In  dealing  with  the  present  subject  I  have  found  it  prefer- 
able not  to  follow  a  strictly  logical  order,  but  to  make  such 
divisions  as  best  coincide  with  the  historical  development  of 
our  knowledge.  The  first  portion  of  this  address,  therefore, 
refers  to  the  ground-work  of  South  African  stratigraphy  as  laid 
down  by  A.  G.  Bain;  this  is  followed  by  a  history  of  the  con- 
troversy regarding  the  Pre-Karroo  rocks  of  southern  Cape 
Colony;  then  in  order,  the  old  rocks  of  the  north,  the  much- 
discussed  glacial  conglomerate  and  the  rocks  of  the  Karroo,  the 
Natal  sequence,  the  Cretaceous  rocks  of  South  Africa,  and  the 
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stratif^raphy  of  the  Transvaal  are  considered.  A  discussion  of 
the  correlation  of  the  formations  occurring  in  the  different 
parts  of  South  Africa  forms  the  final  section. 

THE    GROUND- WORK    OF    SOUTH    AFRICAN    STRATIGRAPHY. 

The  first  field  for  geological  investigation  in  South  Africa 
was  naturally  offered  by  the  Cape  Colony,  and  real  South  Afri- 
can geology  begins  with  the  work  of  Andrew  Geddes  Bain.  It 
is  true  that  visitors  and  travellers  such  as  Barrow,^  Lichten- 
stein,*-  Clarke  Abel,-*^  and  Itier,*  recorded  many  interesting; 
geological  facts,  and  even,  in  the  case  of  the  two  last  named, 
gave  detailed  accounts  of  individual  localities.  Xone  of  this 
work,  however,  can  be  compared  with  that  of  Bain,  of  whose 
researches  I  do  not  think  it  is  possible  to  speak  too  highly. 

"  He  made,"  as  he  himself  wrote,  **  the  first  attempt 

"  to  give  the  varied  formations  of  this  (the  Cape)  Colonv  a 

"  local  habitation  and  a  name,  without   the    shadow   oi   a 

"  foundation  to  commence  upon  but  what  his  own  observa- 

**  tion  suggested.     He  had  no  predecessors  whose  labour  he 

*'  could  avail  himself  of,  nor  contemporaries  whose  assist- 

'*  ance  he  could  solicit,  but  for  fourteen  years  was  gj*oping 

"'  about  in  the  dark,  as  it  were,  through  virgin  fields  hitherto 

**  quite  untrodden,  and  as  far  as    geology    goes    a   perfect 

"  terra  incognita.'^  ^ 

His  first  incitement  to  geological  work,  he  tells  us,  came  from 

reading  Lyell's  Principles  of  Geology,  which  he  had  borrowed 

from  a  friend.^    He  was  forty  years  of  age  when  he  began,  and, 

before  he  finished,  he  gave  a  correct  outline  of  the  geological 

succession  and  structure  of  the  Cape  Colony. 

Bain  placed  his  work  before  the  Geological  Society  of 
London  in  two  papers,"  and  with  the  second  of  these  he  gave 
the  first  geological  map  of  South  Africa,  and  a  series  of  sec- 
tions, illustrating  his  views  of  the  succession  of  the  strata  and 
their  structural  relationships.  He  made  a  very  large  collec- 
tion of  fossil  remains  from  the  east  and  west  of  Cape  Colony, 
and  among  these  the  first  of  the  peculiar  Karroo  reptiles  were 
sent  home  to  be  described  by  Professor  Owen.^  Invertebrate 
remains  from  the  Bokkeveld  Beds  were  also  in  the  collection, 
and  these  afforded  the  material  for  the  first  detailed  description 
of  the  fossils  from  these  rocks.^  About  the  same  time,  with 
his  friend  Dr.  Atherstone,  to  whom  he  had  imparted  some  of  his 
own  enthusiasm.  Bain  made  a  collection  of  the  secondary  faima 
of  the  rocks  near  Uitenhage,    the    description    of    which    by 

»  Barrow.  7.*         '^  Liclitenstein,  58.         '■'  Clarke  Abel,  1.         *  Itier,  49. 

•■*  From  the  original  MS,  of  the  introduction  to  his  paper  "On  the  Geology  of 
Sonthern  Africa." 

♦*  Reminiscences  and  Anecdotes  connected  with  the  History  of  Geology  in 
South  Africa.  East.  Prov.  Mon.  Alaga.,  1856.  Reprinted  in  Trans.  Geol.  Soc. 
S.  Afr.,  Vol.  II.,  pp.  69—76,  1896. 

7  Bain,  5,  6.         «  Owen,  6o.        »  Sharpe  and  Salter,  94,  Sharpe,  92. 

*  These  numbers  refer  throughout  to  the  litemture  list  given  at  the  end  of  this  paper. 
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Daniel   Shiirpe  is  the  most  detailed  account  of   these  fossils  so 
far  publiflliPil.' 

I  givf,  on  the  chart  appeiuled  lo  this  addresB,  Bain's  eiic- 
ceasioD  uf  the  strata  of  the  fnpc  t'nlouy,  iiud,  if  ive  ufimpiire 
lis  view  of  the  seijUL-Dct-  with  tliose  held  by  later  writers,  we 
r-anuot  but  tidiuire  the  insight  shown  by  this  early  worker. 
Bftin  deserves  to  rank  aiiioni;  tlie  jicoloyical  gcniiisiw,  and  it 
is  pleasant  to  know  that  his  merit  received  due  recognition,  and 
even  Knaiifial  reward,  at  the  hands  of  the  GeoloRical  Soeiety 
f)f  LdudiMi,  lin'  lirilish  Museum,  and  the  Jlome  Government. 

Prinniiilly  lhii  only  error  iutu  whirb  Bain  fell  was  in  con- 

iieclioii  willi  a  n»k  nhit-h  puKKltd  manv  of  his  Buccessovs.    Hib 

"  I'laystiiiic  jiorpliyry  " — an  old  name   for  what  would  now  bo 

known  ii.s  a  quarto-porphyry — is  the  much  discus-sed  and  in- 

tt!r«slinif  Kira  or  Dwyka  Conglomerate,  which  he  held  to  bo 

*■  the  production  of  an  immense  volcano,  which  we  may 

"  suppoHe   to   liave  existed   somewhere   near  the   jnuction 

"of  ilie  Vaal  and  Orange  Rivers,  or  perhaps  about  the  site 

"of  the  pi-eserit  I'ompass   Berg,  whose  peak  rises  to  the 

"  heifthl    of    in.OOO   feet    above  the   sea-level;    and    thence 

'■  dehijfed  with  fiery  billows  the  Silurian  (?)  plains,  and 

".spread  ruin  am!  desolation  over  the  carboniferous  forests 

"  for  tens  of  thousands  of  a(|Uare  miles."  * 

"While  olTerinfr  this  expluiiation,  however,  he  admits  that  he  is 

in  a  dilemma,  because  he  saw  some   indications  tliat  the  rock 

had  been  produied  hv  water  action,  hut,  as  he  could  find  no 

trace  of  strati«cali..u.'  he  felt  uuable  to  confirm  this  view. 

That  Bain  did  iiiit  recognise  the  true  origin  of  the  ancient 
South  African  (thicial  deposit  need  not  detract  from  his  fame, 
for  many  men  with  greater  educational  advantages,  and  with 
knowled^  of  rccenl  ii-ework  as  a  standard  for  comparison,  have 
spoken  with  licHilation,  doubt,  and  even  denial  of  the  glacial 
origin  of  this  ciingluuierate. 

Like  William  Smith,  "  the  father  of  English  geology,'' 
Bain  was  u  roiid-makcr,  and,  though  generously  treated  by  the 
home  government,  lie  never  seems  to  have  received  any 
recognition  of  his  ireiilugical  work  from  his  immediate  em- 
ployer, the  Cape  l_lovcriiniciiL.  That  body  was  not,  however, 
unaware  of  the  advantages  of  geologj-  to  the  .state,  and,  while 
Bain  was  still  alivo.  it  engaged  from  Enjjland  a  Mr,  Andrew 
Wyley  as  government  geologist.  Wyley's  time  was  "  occupied 
with  purely  mineral  questirms  for  two  and  a  half  years."  and 
he  had  "llie  short  space  of  eighteen  months  for  the  whole 
problem  of  Cape  geology,"  so,  as  he  said,  those  who  are 
acquainted  with  the  history  of  geology  will  scarcely  feci  sur- 
prised that  he  was  not  ahle  to  .solve  »,■*  His  publish.-il  work, 
in  what  we  may  term  pure  geology,  consists  of  a  short  report 
with   a    longer    appendix    issned    somewhat    later,*       He   also 


'  Sharp.',  91. 


^)tHi'l,«,|' 


■'  W>U-y.  100,  [.. 


'  Wyley,  107. 


148  Report— 1904. 

made  a  map  and  sections,  which  were  lodged  in  manuscript  in 
the  Colonial  Office,  but  which  were  vainly  looked  for  several 
times,  at  my  request,  while  I  was  in  Cape  Town. 

In  the  appendix  to  his  report  Wyley  gave  a  tabular  view 
of  the  succession  of  Cape  strata,  and  there  it  will  be  seen  that 
he  was  very  definite  in  his  correlation  of  South  African  with 
European  strata — more  so  than  his  knowledge  justified,  more- 
definite  even  than  we  can  be  to-day.  Wyley's  contribution 
to  South  African  geology  was  not  an  important  one — he  made 
no  addition  to  Bain's  exposition  of  the  general  structure  of  the- 
country,  and  his  diffuse,  rambling  observations  are  buried 
among  a  mass  of  varied  information  arranged  in.  the  diary 
form  of  a  field  note-book.  Coming  after  Bam — to  whose  work 
he  makes  curt  reference — Wyley  does  not  impress  one,  and  the- 
first  official  geologist  in  South  Africa  is  now  known  chiefly  by 
the  title  of  the  appendix  to  his  report,  and  as  the  introducer  of 
the  term  *'  trap  conglomerate,''  in  place  of  Bain's  claystone- 
porphyry,  for  the  rock  known  later  as  Ecca  conglomerate  or 
Dwyka  conglomerate.  He  practically  adopted  tliQ  succession 
given  by  Bain,  but  added  thereto  his  hasty  and  unwarranted 
correlation  with  European  strata,  which  led  to  much  miscon« 
ception,  especially  among  writers  elsewhere  who  referred  to  his. 
work. 

THE    CONTROVERSY    OVER    THE    PRE-KARROO    SEQUENCE. 

Almost     contemporaneously     with     Wyley,     Dr.     B.     N. 
Kubidge,  of  Graaff-Reinet,  and  later  of  Port  Elizabeth,  wrote- 
several  papers  on  South  African  geology.^       His  observations, 
led  him  to  take  a  different  view  of  the  succession  and  relation- 
ship of  the  four  oldest  divisions  of  the  rocks  in  south-western 
Africa  than  that  which  Bain  set  forth.     Eubidge  was  of  opinion 
that  the  Malmesburj-  slates  beneath,  and  the  Bokkeveld  shales 
above,  the  Table  Mountain  Sandstone,  were  the  same,  and  that 
the  Witteberg  quartzites  above  the  Bokkeveld  Beds  were  on 
the  same  horizon  as  the  Table  Mountain  vSenes.       Had  this, 
reading  been  correct  it  would  have  had  the  merit  of  simplicity. 
Unfortunately   the   idea   was   based    on  erroneous  observations 
taken  on  **  two  hasty  journeys."  ^    By  a  curious  chance,  how^ 
ever,  Kubidge  gained  support  from  a  distinguished  traveller, 
von  Hochstetter,  who  visited  South  Africa  with  the  Austrian 
**  Xovara "    Expedition    (1857-59),    and    made  a    trip    to    the- 
country  near  the  Zonder  Einde  Mountains.^      Owing,  perhaps,, 
to  the  faulted  junctions  there  exposed,  Hochstetter  thought  the 
fossil  if  erous    Bokkeveld    Beds    probably    underlay    the    Table 
Mountain  Sandstone,  but  he  states  that  he  could  not  have  come 
to  this  conclusion  had  he  not  had  the  support  of  Rubidge's 
reading  of  the  Ceres  section.     Thus  an  error  arose  which  long 
held  sway,  and  found  supporters  even  as  late  as  1897. 

That  this  perverted  view  of  the  succession  of  the  oldest 

1  Rubidge,  76,  77,  77a.        '^  Rubidge,  77,  p.  196,        •'  Hochstetter,  46. 
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formations  should  have  existed  so  long,  is  the  more  peculiar 
from  the  fact  that  it  was  not  supported  by  the  work  of  Mr. 
E.  J.  Dunn,  who,  on  his  first  map  published  in  1873,^  after  he 
had  been  two  years  in  South  Africa,  adopted  Bain's  original 
succession.  Mr.  Dunn  issued  a  second  edition  of  his  map  in 
1875,-  and  the  additional  two  years'  work  confirmed  his  first 
views  of  the  sequence. 

In  1884,  Professor  Rupert  Jones,  in  a  paper  to  the  British 
Association  at  Montreal,  presented  the  Rubidge-Hochstetter 
view.3 

In  the  same  year,  A.  Moulle,  a  French  engineer,  who  spent 
two  years  in  this  country,  gave  a  general  sketch  of  South 
African  geology,  in  which  he  adopted  Bain's  succession  for  the 
formations  in  (question.* 

Mr.  Dunn,  m  1887,  on  the  last  edition  of  his  map,^  which 
may  be  regarded  as  a  summary  of  his  fifteen  years'  work  in 
South  Africa,  again  retained  for  the  oldest  formations  the  suc- 
cession which  he  had  at  first  adopted. 

In  the  same  year  Professor  Cohen,  now  of  Greifswald,  pub- 
lished the  second  part  of  his  sketches  of  South  African  geology.  *^ 
In  dealing  with  the  Ceres  section,  Cohen  states  that  the 
Malmesbury  slates  and  the  greywackes  of  the  Bokkeveld  are 
different  formations,  but,  not  recognising  the  true  character  of 
the  Witteberg  Quartzite  on  the  north  of  the  Warm  Bokkeveld, 
he  places  the  Table  Mountain  Quartzites  above  the  Bokkeveld 
Series,  and  agrees  with  Rubidge  and  Hochstetter  as  to  the 
identity  of  those  two  quartzite  series. 

In  1888  Professor  A.  II.  Green,  who  had  visited  Soutli 
Africa  in  1882  to  report  to  the  government  of  the  Cape  on 
the  coals  of  the  colonj',  published  *'  A  Contribution  to  the 
Geology  and  Physical  Geography  of  the  Cape  Colony,''  in 
which  he  adopted  Bain's  succession  for  the  above  beds.  ^ 

Dr.  A.  Schenck,  in  the  same  year,  came  to  the  conclusion 
that  the  Table  Mountain  Sandstone,  with  which  he  classed  the 
Zuurberg  and  Witteberg  Quartzites  also,  and  the  Bokkeveld 
Beds  were  contemporaneous,  his  view  being  that  the  former 
were  the  shore  equivalents  of  the  latter.^  This  ingenious  solu- 
tion of  the  controversy  is,  however,  unnecessary,  and  in  Uio 
following  year,  1889,  Dr.  G.  Giirich,  a  countryman  of  Schenck, 
published  a  very  convincing  paper  on  the  relationship  of  the 
disputed  series,  which  he  himself  studied  in  the  neighbourhood 
of  Ceres,  and  unliesitatingly  assigned  to  the  positions  to  which 
Bain.  Dunn,  and  Green  had  allotted  them.^ 

While  the  work  of  Dunn,  Green,  and  Gurich  had  virtually 
settled  the  correctness  of  Bain's  oriofinal  interpretation  of  the 
relationship  of  the  four  oldest  formations,  it  was  none  the  less 

I  Dunn,  25.  '^  Dunn,  2«.  ^  Rupert  Jones,  60. 

*  Moulle,  68.  «  Dunn,  27.  «  Cohen,  11. 

'  Green,  88.  «  Schenck,  80.  »  Gurich,  88. 
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gratifying  that,  at  the  beginning  of  the  systematic  geological 
survey  of  Cape  Colony,  which  it  was  my  privilege  to  inaugurate 
at  the  end  of  1895,  we  were  able  to  confirm  the  individuality 
of  the  Malmesbury  Beds,  the  Table  Mountain  Sandstone,  the 
Bokkeveld  Beds,  and  the  Witteberg  Quartzites,  as  distinct 
series  in  this  ascending  order,  with  a  marked  unconformity  be- 
neath the  Table  Mountain  Sandstone.  We  found  also  that,  to 
a  large  extent,  Bain  was  more  correct  than  some  of  his  succes- 
sors as  regards  the  mere  distribution  of  the  strata,  and  that  his 
views  of  the  structure  of  the  country  required  amplifying 
more  than  correcting.^ 

Naturally  a  systematic  government  survey,  with  its  con- 
tinuity of  work  towards  a  definite  goal,  affords  the  best  oppor- 
tunity for  solving  structural  problems,  and,  early  in  the  history 
of  the  Cape  survey,  an  important  addition  to  our  knowledge 
was  made  in  the  discovery  by  my  then  colleague,  Mr.  A.  W. 
Rogers,  that  the  Zwartebergen  are  built  up  mainly  of  the  Table 
Mountain  Sandstone,  which  has  been  folded  to  form  a  second 
mountain  chain,  parallel  and  similar  to  the  southern  Lange- 
bergen. 

The  view  formerly  accepted  was  that  the  Zwartebergen 
were  built  up  of  the  same  quartzites,  which,  north  of  Ceres,  lie 
above  the  Bokkeveld  Beds,  and,  further  east,  form  the  Witte- 
bergen.  These  quartzites,  however,  play  a  comparatively  small 
part  on  tlie  northern  slope  of  the  mountains,  beneath  the  shales 
which  underlie  the  Dwyka  Conglomerate.  On  Dunn's  1887 
map  the  Zwartebergen  immediately  north  of  Oudtshoorn  are 
shown  as  composed  of  Table  Mountain  Sandstone,  and,  in  the 
legend  to  that  map,  the  name  **  Zwarteberg  "  is  not,  as  in  pre- 
vious editions,  associated  with  "  Zuurberg  and  Witteberg  "  as 
a  term  for  the  upper  series  of  the  Cape  system,  so  that  we  may 
C(msider  that  Mr.  Dunn  by  that  time  had  some  inkling  of  the 
true  state  of  affairs. 

After  two  years'  work  of  the  survey  we  were  enabled  in  the 
report  for  1897  to  give  a  map  and  a  series  of  sections  showing 
the  distribution  of  the  rocks  and  the  general  structure  of  the 
south-western  districts  of  the  Cape  Colony,  and  to  attempt  some 
discussion  of  the  general  geological  history  of  the  region 
surveyed.- 

During  the  years  which  have  since  elapsed,  the  survey  has 
confirmed  the  succession  then  adopted  for  the  older  rocks,  and 
greatly  enlarged  our  knowledge  of  their  distribution,  and  the 
part  tiiey  play  in  the  structure  of  southern  and  western  Cape 
Colony.  '  The  results  will  be  found  adequately  presented  in 
the  seven  annual  reports  of  the  Geological  Commission  hitherto 
published,  and  I  need  here  only  refer  to  two  interesting  strati- 
graphical  discoveries  whicli  liave  been  made  during  these  years. 

First,  the  old  rocks  at  Cango,  near  Oudtshoorn,  given  on 

1  Corstorphine,  13.  '^  Rep.  Geol.  Coin,  for  1897,  pp.  3-4.3. 


Al.   I.\ 
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iir.    Dunn's    maps    as    Naniaqiiulaud    Schists,   proved    to   be 

tlitfeietit  from  tbuite    similHily    designated    near    George    and 

Worwsler,   which   we   found  to  be   Malmesbury  Beds,       The 

(.'align   vncltB   coii8ist   of   dolomile — ^similar   to  that   occurring 

throughout  the  Transvaal — liniestotie,  grits,  slntes,  and  sheared 

CDUIfhmierates.     The  latter  contain  boulders  of  granite,  so  that 

if  the  Cuiigo  rucJis  are  contemporaiieinis  with  the  Mabnesbury 

Beds,  they  niual  hnw  derived  their  boulders  from  some  older 

Krauites  than   those  intrusive  in   the  Mulnicshury  Beds.       If 

,    fhey  got  their  gi'anrte  boulders  from    the    Malmcsbury    intru- 

,  then  necessurily  they  are  younger  than  tlieae.       Their 

I  true  position  is,  however,  doubtful,  and  we  Introduced  the  unnie 

I  "  Cango  Cou^tomerates  "  to  distinguish  tbt'm.' 

I  Second,  in  1900  the  assistant   geologists,    Messrs.    Itogers 

I  and  Schwar;;,  diseovered,  in  the  A'anrhynsdorp  district,  a  series 

I  of  snudstoues  and    slates    lying    un  conform  a  tily    between    the 

J  Malmesbury  Beds  and  the    Table    llonntaiu    Sandstone.       To 

thie  hitherto  unrecognised  series,  the  name  "  Ihiquas  Beds" 

Was  given. - 

TOE   OLD   ROCKS   OF    NOHTDKUN    CAl'E    COLOM, 

In  comparison  with  the  progress  made  towards  a  full  know- 
I  ledf^  of  the  distribution,  sequence,  and  relationship  of  the  old 
I   nicks  un  liie  south  and  west,  little  bus  yet  been  done  towards 

fiviug  a  clear  idea  of  the  Pre-Kanoo  rocks  on    the   north    of 
ape  {'ohiny.     Up  to  the  present  the  geological  survey  has  only 
been  able  to  devote  six  months  to  the  northern  portion  of  the 
CVilony,  and  the  work  was  then  limited  to  the  interesting  couu- 
I   try,  forming  the  basin  of  the  (Irange  Kiver,  in  the  Ropetown 
[  and  Prieska  Districts. 

The  earlier  accounts  of  the   northern    geology   deal   with 
I  special  localities,  and  are  scarcely  sufficient  to  cive  one  a  com- 
prehensive grasp  of  the  region  as  a  whole. 

Xanmqualaud,  with  its  copper  mines,  has  naturally  been 
,  freijuently  reported  npou.  A  good  account  of  the  mines  and 
.  their  immediate  neighbourhood  was  given  in  18o4  in  a  Govern- 
J  ment  report  by  the  then  surveyor-general  of  the  Cape,  Mr.  C. 
Id.  Ball.''  In  the  following  year  Mr.  Richard  Bright, Mu  bis 
I  later  yeai's  magistrate  at  Stellenbosch,  gave  an  interesting 
,  Jeoturi-  on  "  Ifamaqnalnnd  and  its  mines,"  which  he  bad  hini- 
!  ielf  visited.  He  speaks  of  the  granite,  syenite,  gneiss,  schists. 
,  and  (luartzile.  extending  from  the  coast  inland  to  the  mines, 
and.  in  one  locality.  Schaap  River  Mountains,  be  recognised 
certain  qnart»ites  as  "  Table  Mountain  Sandstone." 

In  ihe  same  year  Delesse"  wrote  a  paper,  dealing  chiefly 
with  the  mines,  based  on  Bell's  report  and  on  specimens  which 
Iiad  Ixjen  sent  to  Europe.     Delesse's  geology  cannot  be  regarded 

'  Report  of  tlie  Oeol.  Coin,  for  IHtIM,  p.  7. 
•'  Bep.  Qeol.  Com.  for  190O,  |>.  25. 
*  Bell,  8.  '  BHglit.  ».  '  Deleue  1«. 
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as  specially  authentic,  since  lie  placed    Jurassic    rocks    some- 
where on  the  Orange  River. 

In  1856*  Wyley  reported  "  Upon  the  nature  and  general 
character  of  the  Copper  Districts  of  South  Namaqualand,"  but 
gave  practically  no  geology. 

One  of  Mr.  Dunn's  earliest  reports  to  the  Cape  Govern- 
ment deals  with  Namaqualand  and  Bushmanland.^  He  de- 
scribes the  gneiss  of  the  Orange  River  valley  and  the  schists 
which  he  considers  as  lying  above  the  gneiss.  He  also  describes 
the  **  Namaqualand  Schists  (metamorphic) ''  of  the  Doornberg 
as  consisting  of  jasper  rocks  rich  in  magnetite,  schists,  gneiss, 
and  schistose  conglomerates.  The  old  rocks  near  Prieska  he 
states  to  be  **  identical  in  character  with  and  evidently  a  portion 
of  the  same  formation  as  the  old  metamorphosed  stratified 
rocks  of  Klein  Namaqualand  ....  their  precise  relation 
to  the  ilalmesbury  Beds  underlying  Table  Mountain  Sandstone 
remains  yet  to  be  worked  out.''  ^  On  each  of  his  three  maps 
Dunn  gives  a  different  interpretation  to  these  rocks  on  the 
north  of  Cape  Colony.  On  the  first  they  are  shown  as  Nama- 
qualand Schists ;  on  the  second  partly  as  Namaqualand  Schists 
and  partly  as  Malmesbury  Beds;  while  on  the  last  edition  they 
are  ^iven  as  a  portion  of  the  Lydenburg  Beds  which  lie  above 
the  Malmesbury  Beds,  and  comprise,  not  only  the  rocks  of 
Lydenburg,  but  practically  the  whole  of  the  old  rocks  of  the 
southern  Transvaal,  including  what  we  now  know  as  the  Black 
Reef,  Dolomite,  and  Gatsrand  or  Pretoria  Series.  It  is  a  pity 
that  Mr.  Dunn  gave  no  explanatory  text  with  this  map,  for  it 
would  be  interesting  to  know  his  grounds  for  placing  these 
rocks,  which  cover  so  vast  an  area  far  removed  from  any  of  the 
typical  southern  rocks,  between  the  Malmesbury  and  the  Table 
Mountain  Series. 

Much  detailed  and  accurate  work  was  done  on  the  north  of 
Cape  Colony  by  G.  W.  Stow.  Self-taught,  like  Bain,  Stow 
devoted  his  attention  especially  to  the  Province  of  Gricjua- 
land  West,  and  also  to  the  Uitenhage  district.  He  was  for  a 
time  geologist  to  the  government  of  Griqualand  West,  and,  at 
a  later  date,  to  that  of  the  Orange  Free  State.  In  liSHl, 
correspondence  between  him  and  the  former  government  was 
printed  by  order  of  the  House  of  Assembly  of  the  Cape  Colony, 
and  the  story  of  hardship  and  distress  therein  detailed  by 
Stow,  as  resulting  from  the  Government's  treatment  of  him, 
does  not  redound  to  official  credit.  Stow,  as  early  as  1873,  tried 
to  get  the  various  South  African  governments  to  entertain  a 
scheme  for  a  geological  survey  of  the  entire  region,  and,  ac- 
cording to  the  correspondence,  the  Legislative  Council  of  Gri- 
qualand was  enlightened  enough  to  undertake  a  survey  of  the 
province   without   waiting  for  the   co-operation    of   the  neigh- 

1  Wyley,  106.  -  Dunn,  22.  •''  Dunn,  loc.  cit.  p.  8, 
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bouring  states.  ^  The  results  of  Stow's  survey  were  never  offi- 
cially published,  but  a  valuable  manuscript,  containing 
probably  the  whole  of  his  work,  was  some  time  ago  presented  to 
the  Geological  Society  of  South  Africa  by  the  late  Dr.  Exton, 
and  may,  under  the  auspices  of  that  body,  be  one  day  published 
as  a  fitting  memorial  to  a  man  whose  life  was  sacrificed  to 
science. 

A  portion  of  Stow's  Griqualand  West  work,  done  appar- 
ently before  he  became  official  geologist,  was  published  in 
the  Quarterly  Journal  of  the  Geological  Society,  London, 
in  1874.2  In  a  long  paper,  Stow  describes  various  Griqualand 
West  sections,  and  gives  much  detailed  information  with  great 
accuracy.  Perhaps  the  paper  is  overloaded  with  detail,  and 
there  is  an  absence  of  that  broad  generalisation  which  is  so 
notable  in  Bain's  work,  but  still  Stow  may  justly  be  considered 
as  second  in  order  of  merit  among  the  earlier  workers  in  South 
African  geologj\ 

In  the  paper  to  which  I  have  referred,  Stow  describes  the 
granite  and  gneiss  of  the  district,  as  well  as  the  other  Pre- 
Karroo  rocks,  and,  when  Messrs.  Eogers  and  Schwarz  dealt  with 
these  rocks  in  the  territory  adjoining  that  described  by  him, 
they  found  his  classification  and  sequence  were  a  proper  pre- 
sentation of  the  facts. -^ 

The  rocks  over  this  northern  portion  of  Cape  Colony  can- 
not at  present  be  correlated  with  those  so  well  known  on  the 
south,  and  the  classification  of  the  sedimentary  series,  given  in 
the  report  of  the  Geological  Commission  for  1899,  was  based  as 
follows  on  that  of  Stow:  — 

1.  Granite  and  Gneiss. 

2.  Keis  Series     Quarizite  and  mica  schists. 

C  Gr  i  q  u  a       To  wn       se  r  i  c  s — ma  gnc  i  i  c 

Q      Tfc         1  c     •    *       '      jasper  rocks. 

o.     Uoornhcrg  oeries  - /-i         i    ii   -n      i   c     •         t*        i 

'^  Campbell   Kand   Series — Limestone 

I  and  quart ziie. 

4.     Matsap  Series— Quarizites  and  (^(mglomeiaies. 

I  shall  refer  later  to  the  peculiarities  of  the  old  rocks  on 
the  north,  compared  with  those  on  the  souih,  wlien  I  troai  of 
the  general  (|  nest  ion  of  correlation.     (Sec  p.  170.) 

THE  KOCKS  OF  TlIK  KARROO. 

Owing  to  the  clear  natural  division  which  exists,  there  has 
been  no  uncertainty,  from  Bain's  time  onward,  as  to  the  separa- 
tion between  the  older  rocks  of  South  Africa  and  those  which 
make  up  the  Karroo  and  younger  systems:  but  there  has  been 
much  interesting  discussion  as  to  the  origin  and  meaning  of 
the  strange  conglomerate,  which  lies  at  or  near  the  base  of  the 
Karroo  Sj-stem.  Bain,  as  we  have  seen,  described  the  conglo- 
merate as  a  "  Claystone  porphyry,"  due  to  the  activity  of  some 

>  Stow,  101.  p.  4.  -i  Stow,  98. 

•  Rep.  Geol.  Com.  for  1899,  p.  68. 
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great  Tolcano.     Wyley  adopted  tlio  same  explanation,  but,  lay- 
iug  more  stress  tliaii  Bain  on  the  included  btmlders,  railed  the 
lock  a  "  Trap-ponglomerate."  '   Dr.  W.  G.  Athcrstone,  famons 
afterwards  as  the  first  to  decide  thai  the  crystal  obtained  by 
the  trader  O'Kcill.v  was  indeed  a  diunioiid,  was  also  a  supporter 
(if  the  igneous  theory.        lie    dfscribed    the    rock    as    hiiving 
"  a    felspatliic    fusible    base,   and    assiimiiig    the    appear- 
"  aiice     of     a.     coiiglomerati;     or     breccia,     the     included 
"  pebbles    of    granile,    gneiss,    quartz,    slate,    and    sand- 
"  stone,    being    sometimes    angular,   sometimes    rounded. 
"  whilst  in  some  parts  of  the  Zuurberg  it  is  vesiruliir.  i.e.. 
"  containing  gas-bubbles  wbicli   have  been   tilicil   up  with 
"zeolites,  agates,  etc.    II  is  not  a  true  porphyry,  although 
■'  the  base  is  porpliyritic,  bul  appears  as  if  the  molten  lava 
"  in  bursting  up  tlirongli  the  lower  beds  bad  broken  up  ami 
"  mixed  in  its  liquid  paste  the  fragments  of  the  different 
"  rocks  it  bad  passed  through.     From  the  description  given 
"  by  Darwin  of  the  clay  stone -porphyries  and  porphyritic 
"  conglomerates  anil   breccias  of   South    America  running 
"  impercentibly  into  each  oflier,  I  should  think  the  Zuur- 
"  Ix-rg  rock  is  of  the  same  character,  and  may  have  been 
"  at  times  either  an  upheaving  rock  or  a  submarine  lava 
"  poured  out  over  the  surface."  ^ 
Dr.  P.  C.  Sutherland,  of  Natal,  who  was  later  to  arrive  at  the 
true  explanation,  also  at  first  took  the  rock  to  be  a  lava  flow, 
and  thought  Ihe  striations  underneath  it  were  due  to  the  move- 
ment of  the  igneous  mass.^     Ralph  Tate  in  1867  stated  that  the 
rock  as  exposed  "  on  the  flanks  of  the  Zuurberg  is  decidedly  a 
dolerite  containing  angular  and  rounded  fragments  of  qiiarlzite 
and  granite,"  and  then  i-eferred  to  it  as  "  this  Trap  breccia."* 

It  was  in  18G8  that  Sutherland  in  the  following  wonls  first 
published  what  we  now  know  to  be  the  true  explanation  nf  the 
origin  of  this  peculiar  conglomerate :  — 

"  the  deposition  of  this  formation  cannot  be  accounted 
"  for  except  by  reference  to  glacial  action.  It  is  by  the 
"  action  of  glaciers,  coast  ice,  and  icebergs,  and  by  it  ' 
"  alone,  that  fine  silt  and  boulders  of  many  tons  weight  can 
"be  deposited  simultaneously  on  Ihe  same  sea  or  lake  I 
"  botlom.  The  great  Scandinavian  drift  is  precisely  the 
■'  same  in  mechanical  composition  as  the  boulder  clay  of 
"  Natal,  with  which  we  are  now  dealing.  Professor  Hani- 
"  say  has  assigned  certain  breccias  nf  Permian  age  to 
"glacial  action;  there  is,  therefore,  no  reason  why  oiir 
"  qua'xf.in  vcrafn  should  any  longer  remain  unsettled.  .  . 
"The  sandstone  on  which  this  boulder  formation  rests  is 
"highly  grooved  and  striated,  as  if  clay  or  some  semi- 
"  plastic  substance  containing  hard  fragments  had  passed 
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"  over  it  with  considerable  pressure.  This  may  be  seen  at 
"the  Umgeni  above  the  Queen's  Bridge,  near  tbe  copper 
"  mines  at  the  Ifumi.  near  Fort  Huckingham  at  the  Tugela, 
"and,  I  was  informed  by  His  Excellency  Sir  George 
"  Grev.  on  the  lop  of  Table  Monntain  at  the  Cape  of  Good 
"  Hope."  ' 
I  need  hardly  say  that  the  last  obsen-ation  lias  not  been  con- 
firmed. 

Two  years  after  Sutherland's  lecture  Mr.  C.  L.  Griesbiich,* 
in  what  is  still  the  best  general  sketch  of  Natal  geology,  de- 
scribed the  peculiar  appearance  of  the  boulders  as  due  to 
weuthf'ring.  I  do  not  know  what  Mr.  Griesbacb  may  now 
think,  hut  in  IHOC,  when  I  had  the  pleasure  of  meeting  him  in 
Cape  Town,  and  discussing  some  of  these  ^ological  ijuestions 
with  him,  he  did  not  accept  a  glacial  origin  for  either  the 
South  Afriran  Dwyka,  or  the  Indian  Talchir,  Conglomerate. 

Moulle,  writing  fourteen  years  later,  confirmed  GrJes- 
bach'fl  description,  but  named  the  rock  a  melaphyre  breccia.5 

G.  W.  Stow,  to  whose  important  work  on  Griqualand  West 
I  have  already  referred,  knew  the  glacial  conglomerate  there. 
He  appears,  however,  to  have  been  unable  to  view  the  glacial 
striae  as  of  palaeozoic  ago,  but  regarded  the  ice-action  as  con- 
temporaneous with  the  Great  Ice  Age  of  the  northern  hemi- 
sphere.* 

In  1875  Mr.  R.  Pinchin  described  the  conglomerate  as 
metamorphic.^  so  there  is  no  division  of  our  petrographical 
classiRcution  into  which  some  one  or  other  has  not  placed  this 
murvelloiia  rock. 

Mr.  Dunn  during  his  stay  in  this  country  wrote  much  about 
the  conglomerate,  and  in  the  end  he  confirmed  the  correctness 
of  the  glacial  explanation  for  all  the  outcrops  in  the  Cape 
Colony.  He  seems  to  have  first  come  across  the  conglo- 
meratf  on  the  north  of  the  Colony,  east  and  west  of  Hope- 
town,  in  1872.  There,  and  at  once  he  had  no  doubt  of  the  gla- 
cial origin  of  the  rock,  but  stated  that  "  very  scant  material  has 
been  met  with  for  determining  the  age  of  the  conglomerate. 
It  is  prohabl.v  older  than  the  npper  drift  of  Puiel  classed  as 
P.  Plioctne."^  Professor  Cohen,  who,  accompanied  by  Stow, 
saw  eome  of  these  same  outcrops  in  1872,  hut  did  not  describe 
Ihem  till  1887,  was  also  of  opinion  that  they  were  recent- 
Pleistocene,  according  to  his  view — tlioiiirh  he  did  not  see  suffi- 
rieut  evidence  for  adopting  a  glacial  explanation.'' 

On  his  first  map  (1873),  Mr.  Dunn  showed  these  northern 
outcrops  as  "Glacial  Conglomerate"  at  (he  top  of  bis  sedi- 
tnentary  sequence,  hut  represented  the  whole  hand  of  conglo- 
merate along  the  south  of  the  Karroo  as  an  igneous  rock  under 


■flulherknd,  108.  p.  18  and  17, 
'  Stow.  »J. 
luinii,  22,  p.  IJ. 


'  Qrieshai'li,  AS. 
'  Pincliiii,  ! 
^  Cohen,  II, 
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Wyley's  name  of  "  Trap  Conglomerate."  On  the  second  edi- 
tion (1875)  Mr.  Dunn  still  kept  the  two  conglomerates  separate, 
but  introduced  the  name  "  Dwyka  Conglomerate  "  for  the  out- 
crops on  the  south  of  the  Karroo  as  well  as  for  those  in  Natal. 

In  a  report  published  in  1879,  Mr.  Dunn  discussed  the 
origin  of  the  rock  and  there  explained  his  reasons  for  introduc- 
ing the  non-genetic  term,  *'  Dwyka  conglomerate,"  from  its 
**  characteristic  occurrence  near  the  river  of  that  name."  In 
this  report  ho  gave  up  the  igneous  explanation  of  the  origin  of 
the  southern  occurrences,  stating  that  **  the  so-called  trap  con- 
glomerate is  as  much  a  sedimentary  rock  as  the  sandstones 
above  and  below,"  and  that,  with  the  dark  arenaceous  shales 
below,  it  must  be  included  in  the  Ecca  Beds.l 

The  crowning  stage  of  Mr.  Dunn's  investigation  of  this 
interesting  rock  was  reached  in  the  work  which  he  presented 
in  his  *'  Report  on  a  supposed  extensive  deposit  of  coal  under- 
lying the  central  districts  of  the  Colony."  On  the  sketch-map 
published  to  illustrate  this  report,  Dunn  showed  the  northern 
glacial  conglomerate  of  his  former  maps,  and  the  southern 
**  Dwyka,"  as  one  continuous  outcrop,  and  in  the  text  he  assigns 
both  to  a  glacial  origin. ^  In  the  last  edition  of  his  separate 
map  published  in  the  following  year  (1887),  the  same  view  is 
presented,  and  in  the  legend  tlic  **  Dwyka  Conglomerate  "  is 
described  as  glacial. 

Dunn's  work — conclusive  though  it  should  have  been — did 
not  at  once  gain  general  acceptance.  Other  geologists  who 
visited  South  Africa  without  finding  the  definite  evidence  of 
glacial  action  which  Sutherland  and  he  had  shown  to  exist 
in  the  Dwyka  Conglomerate,  were  either  unable  to  accept  such 
an  explanation  of  its  origin,  or  denied  altogether  that  the 
aspect  of  the  rock  was  that  of  a  glacial  conglomerate.  Thus, 
Professor  Cohen  simply  stated  that  it  was  of  clastic  origin,  and 
not  a  product  of  volcanic  activity.^  Professor  Green  thought 
it  was  a  coarse  shingle  formed  along  a  retreating  coast-line, 
but  if  he  had  found  the  rock  in  a  known  glaciated  country  he 
indicates  that  his  attitude  might  have  been  very  different.^ 
From  the  specimens  which  Green  took  home,  Sir  Archibald 
Geikie  and  Dr.  Hatch  both  suggested  that  the  rock  had  "  the 
aspect  of  a  volcanic  breccia,"  an  opinion  wliich  the  latter 
author  also  held  in  1898,  and  for  which  he  then  obtained  sup- 
port from  Dr.  J.  W.  Grej^ory.^ 

I  believe  that  this  last  determination  would  almost  invari- 
ably be  given  on  examination  of  hand  specimens,  and  perhaps 
even  of  microscopic  sections,  of  the  hard,  compact,  dark  rock 
characteristic  of  the  southern  outcrops.  It  is  only  the  striations 
on  the  included  boulders  which  suggest  the  real  nature  of  the 
rock,  and  one  can  rarely  recognise  these  on  the  smaller  pebbles 

1  Dunn,  21a,  pp.  6  and  8.  '^  Dunn,  24. 

3 Cohen,  11,  p.  208.  ^  Gre^n,  88,  p.  243. 

»  Hatch,  40.  pp.  94  &  100. 
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III'  ail  oMliiiai-y  liHnil-specimeu.  The  difficulty  in  determining 
tho  Mjutbern  rock  as  g^mcial,  and  not  volcanic,  is  brouf^ht  home 
to  one  in  the  fact  that  hotli  Sutherland  and  Dunn  maintained 
its  igneouH  origin,  befm-e  tlify  were  convinted  of  its  true 
rUarui-ter. 

Dr.  A.  Selienck.  now  of  Halle,  writing  in  1388,  held  the 
Dwyka  to  be  glarial,  but  considered  that  its  identity  with  the 
outcrops  of  glacial  conglomerate  in  the  north  of  Cape  Colony 
was  still  doubtful ' 

Dr.  F.  M.  Staptf,  an  engineer  and  a  counti-yman  of  Schenck. 
entered  into  the  controversy  in  the  following  year,  1889,  and 
gave  an  anti-glarial  explanalifin  far  all  the  southern  conglo- 
merate outcrops,  and.  only  to  a  limited  extent,  accepted  glacial 
action  for  tho  northern  rock,*  Sclienck  replied,  and,  more 
emphatically  than  in  his  earlier  paper,  assigned  to  the  Dwyka 
as  well  as  the  northern  conglomerate  a  glacial  origin,  and  was 
then  disposed  to  admit  their  identity.* 

In  1H9;!  Mr.  A.  I{.  Sawyer  reported  to  the  Cape  government 
tm  thi-  geology  and  mineral  resourceaof  the  division  of  Prince 
Albert,  whei-e  he  saw  good  outcrops  of  the  typical  southern 
Dwyka  and  described  it  as  u  "  sedimentary  rock."  From  its 
occurrence  in  tlic  fiidd,  aud  csaniiiiittion  of  the  matrix  in  thin 
wction  under  llic  luirrosrop.-.  lie  to(.k  it  to  U-  -'undoubtedly  a 
volcanic  ash  mixed  n«  doubt  in  pint  with  other  fragmentary 
materiftls  derived  from  the  operation  of  moving  water.' 

The  next  observation  recorded  of  the  southern  Dwyka  was 
by  mv  former  eolleagiie.  Mr,  K.  H.  L.  Schwarz,"  of  the  Cape 
survey.  Jlr.  Scliwar/,  in  I80i;.  .iblained  in  the  small  basin  of 
Dwyka  Congh.nicii\tc.  iioitii  of  the  Uvdo  Mountains,  Ceres,  un- 
doubted ghiciallv  faci^ttcd  ami  striiited  boulders,  which  are  now 
■■xhihil.-d  in  the  South  African  Museum,  Cape  Town.  In  the 
following  years  wc  all  found  glaciatcil  boublers  in  the  Dwyka, 
at  various  localities  along  the  soutlieviL  boundary  of  the  Karroo, 
as  Mr.  Dunn  had  in  earlier  years.  In  fact,  the  glacial  theory 
was  the  only  one  to  which,  from  the  bcRinning,  the  survey 
results  gav<'  any  support.  Aa,  however,  all  the  outcrops,  with 
which  we  became  familiar  im  the  south,  showed  the  conglome- 
rate and  its  occasional  shale  beds,  conformably  interbedded  be- 
tween the  Wilteberg  riuartitites  and  the  Ecca  shales,  the  source 
of  the  ice-worn  sttiries  remained  as  mucli  a  mystery  as  ever. 

In  1899,  as  I  have  said,  the  survey  was  carried  on  by 
Meiisrs.  Hogers  and  Sdiwarn  in  the  Prieska  and  Hopetown  divi- 
sions on  the  north  nf  tlic  Colony.  There  the  rock,  originally 
nameil  libuial  Ctrnglunierate  by  Mr,  Dunn,  and  afterwards 
linked  up  bv  bini  aw  iiientieal  and  continuous  with  the  southern 
Dwyka  Coiiglomcrale,  was  studied  in  some  delail.6  In 
his"  188(!    paper.    5Ii.    Dunn     correctly    described     the    older 

'  fictiein.-li,  80.  =  Swptl.  B5  ■■  Sclipiwk.  R9. 

*  Sunver.  79,  p.  A.  '  Rep.  OtoI.  Ci<ni..  189fl.  p.  36  (8vo.  eL\. 
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rocka  in  the  Hopefown  district  as  grooved  aud  striated  under- 
neath the  (-niigromeiat^,  and  ascribed  the  phenomena  to  the 
grounding  of  icebergB,  whicii  he  considered  were  also  re- 
sponsible for  the  formation  of  the  entire  conglomerate.  ' 
The  result  of  the  1899  work  of  the  t'ape  survey,  was,  how- 
ever, to  show  that  there  ia  a  distinct  difference  in  the  character 
and  relationship  of  the  northern,  compared  with  the  southern, 
conglomerate  outcrops- -the  northern  I'ock  tying  uneonformably 
on  much  older  rocks  instead  of  conformably  in  its  natural 
aequeuce.  When  I  discussed  the  results  of  the  work.  I  coulil 
only  conclude  that  we  bad  to  deal  on  the  north  with  a  true 
ground-moraine  iin  the  site  of  the  ancient  glacier,  while  the 
southern  Dwyka  represents  the  silt  and  boulders  carried  south- 
ward by  floatinf^  ice,  and  spread  over  the  floor  of  the  great  in- 
land sea  which  in  late  carboniferous  limes  rKscupied  the  aite  of 
the  now  arid  Karroc- 

Since  the  early  descriptions  by  Bain  and  Wyley,  the  ordi- 
nary sedimentary  rocks  of  the  Karroo  and  their  fossils  have 
been  described  and  classified  chiefly  by  Tate,  Eupert  Jones, 
Dunn,  Green,  Feiatmantel,  and  Seeley.  The  interest  of  the 
Karroo  stratified  rocks  is  palaeontological,  much  more  than  geo- 
logical. When  one  paasea  from  the  area  which  has  been  im- 
plicated in  the  great  foldings  that  produced  the  Zwartebergen, 
one  finds  only  a  series  of  horizontal  or  gently  dipping  sand- 
stones and  shales  without  any  outstanding  structural  features. 
Even  the  palaeontological  interest  is  limited  to  scattered  locali- 
ties, for  one  may  examine  extensive  areas,  and  considerable 
tbickneasea  of  strata,  without  finding  any  trace  of  organic  re- 
mains; in  fact,  the  sparaeness  of  fossil  localities — ^quite  as  much 
as  of  fossil  horizons — in  South  African  rocks  generally,  always 
strikes  one  as  peculiar. 

Professor  Rupert  Jones  gave  a  sequence  for  the  Earroo 
strata  in  18(57,  in  a  paper  by  Ralph  Tate'  on  certain  .species  of 
South  African  fossil  plauts  which  had  been  collected  and  piT- 
sented  to  the  Geological  Society  by  Atherstone,  Rubidge. 
Sutherland,  and  others.  The  various  divisions  are  named  from 
lielow  upwards,  as:-  - 

1.  Ecca  Beds,  in  an  "  upper  and  lower  series  separated  by, 
and  lying  conformably  with,  the  i-emarkable  band  of 
igneous  rock  which  extends  across  South  Africa  "  [i.e.. 
the  Dwyka  Conglomerate]. 

2.  Koonap  Beds. 

3.  The  Beaufort  Beds. 

4.  The  Stnrmberg  Beds. 

Mr.  Dunn  did  a  good  deal  of  work  for  the  Cape  govern- 
ment   in    connection    with    various    mineral     occurrences    at  ] 
different  horizons  in  the  Karroo  System,  and  made  a  detailed 
survey  of  the  Stormberg  Beds  in  the  Molteno  neighbourhood  in 

■  Diino,  84,  p.  6.  Eep.  Geol  Com.  for  I8B9,  p.  27.         ■'  TaW.  IM. 
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1878,1  Jn  1ji"3  variouE  repoits  he  miikes  practically  no  nLaii^ 
in  Ilia  nri^iuiil  Kuiroo  sequence,  but  Le  altered  liis  first  ex- 
pressed (jpinioii  as  to  the  rulatinuship  of  the  upper  and  lower 
beds,  which  he  had  at  first  tliought  uncnnformuble.  lu  his  1886 
report,  the  last  one  to  the  ("ape  goverument,  Mr.  Dunn  con- 
cluded that,  in  the  entire  K.arroo  System,  from  the  Dwyka  Con- 
fflonierato  to  the  Storiuherg  Beds,  there  appeared  "  to  be  no 
break  or  want  of  conl'onuity  whatever,'"-  a  view  quite  in  accord 
with  our  present  knowledge. 

In  188;J, and  jigiiin  in  ]HHH,  the  late  Professor  A.  H.  tireen  ^ 
discussed  the  Karroo  Beiis,  which  lie  placed  in  five  gronps:  — 
Storm  berg  Beds, 
Karroo  Beds, 
Kimberlev  Sliules 

fx,rmt  unronf..rmit!,). 

Ecca  Beds, 

Dwvka  Conglomerate 

'(unrmforxnt),}. 

fie  considered  lliat  the  northern  shales  were  distinct  from  the 

southern,  and,  under  the  name  of  Kimberley  shales,  he  placed 

them  uneon  form  ably  above  the  Ecca  Beds.     Green  correlated 

his  Kimberlev  shales  with   Stow's  olive  shales,  and  regarded 

Stow's  "Ancient  Cnnglouierate  "  at  tbe  base  of  these  shales,  as 

something  different  from  the  Dwykii,  with  which  he  suspected  it 

bad  been  confounded.       Wo  now  know    that    the    Kimberley 

shales  and  the  conglomerate  beneath  them  are,  as  Dunn  held, 

identical  with  the  Ecca  Beds  and  their  basal  conglomerate. 

The  best  discussion  of  the  Karroo  Svsteni  and  description 
of  its  fossil  flora,  which  I  know,  was  pub'lished  by  Dr.  (Ittokar 
Feisttnantel  in  188!!.*  Fetatmaiitol  begins  his  invaluable 
paper  willi  a  i-nlaJo/fuc  rahonne  of  the  chief  literature,  lie  next 
deals  critically  with  various  authors'  views  of  the  ehiBsifieution 
and  sequence,  not  only  of  the  Karroo  but  also  of  the  underlying 
systems,  and  then  gives  what — until  Mr.  Sewaid  began  his 
work  on  South  African  fossil  floras — was  certainly  the  beat 
account  of  the  Karroo  plants.  Feiatnianters  views  are  particu- 
larly interesting  in  virtue  of  his  experience  in  India,  and  his 
knowledge  of  the  Australian  fossil  t1ora.s.  In  an  earlier  paper 
he  had  also  dealt  with  the  comparative  geology  nf  the  three 
regions,  and  one  can  only  regret  that  he  did  imt  live  to 
complete  his  descriptions  of  the  South  African  plant  fossils. 
Feistmantel  arranged  the  Karroo  beds  in  thifc  groups^a 
lower,  including  the  Dwyka  conglomerate  and  the  Kimbcrley- 
Bcca  Shales,  which  is  certainly  the  best  classification  of  these 
lowest  beds,  a  middle  including  the  Beaufort  Beds,  and  an 
Upper  comprising  the  Storniberg  Beds.  From  the  determina- 
tion of  the  plant   remains  Feistmantel   correlated   the  Storm- 
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berg  Beds  as  probably  equivalent  to  the  Lias  and  Rhaetic ;  the 
Beaufort  to  the  Trias;  and  the  lowest  division  to  the  Permo- 
carboniferous  of  the  northern  hemisphere.^ 

Professor  H.  G.  Seeley  has  given,  incidentally  in  his  series, 
of  monumental  papers  on  the  Karroo  Reptilia,  a  division  of  the 
system  into  zones  in  accordance  with  the  distribution  of  the 
remains  of  these  peculiar  vertebrates.  He  proposed,  in  1892, 
a  five-fold  division  of  the  entire  system  from  above  downwards,, 
thus  - : — 

5.     Zone  of  the  Zanclodonts. 

4.     Zone  of  the  Specialised  Theriodonts. 

3.     Zone  of  the  Dicynodonts. 

2.     Zone  of  the  Pareiasaurians. 

1.  Zone  of  the  Mesosaurs. 
Enough  work  on  the  Karroo  has  now  been  done  by  the 
Cape  survey  to  permit  of  an  outline  classification  of  the  beds, 
and  Mr.  Rogers  gave  such  in  his  report  for  1902.  (Seej;hart,) 
In  the  classification  of  this  system  I  think  it  is  a  pity  that  the 
separation  of  the  Dwjka  as  a  "  Series,"  which  I  adopted  in 
1897,  should  still  be  maintained;  for  the  subsequent  work  in 
the  Cape  Colony,  and  the  observations  I  have  made  in  the 
Transvaal,  indicate  that  the  original  classification  of  the 
Dwyka,  as  a  portion  of  the  Ecca  Series,  is  the  best  representa- 
tion of  the  facts. 

Quite  recently  Mr.  A.  C.  Seward  has  described  the  fossil 
plants  collected  by  the  survey  in  the  lowest  and  uppermost  divi- 
sions of  the  Karroo  system,  and  been  able  to  confirm  Feistman- 
tel's    tentative    correlation    of  the    Stormberg    Beds    with    the 
Rhaetic  of  Europe.^ 

Further  stratigraphical  work  on  the  Karroo  System  will 
probably  take  the  form  of  more  minute  classification  of  the 
enormous  thickness  of  beds,  on  the  basis  of  their  fossil  con- 
tents, but  this  is  not  a  matter  of  any  immediate  importance, 
and,  when  attained,  will  not  alter  our  views  of  the  general  suc- 
cession. 

It  would  be  out  of  place  to  deal  here  with  the  interesting^ 
types  of  igneous  I'ocks  which  occur  among  the  Karroo  sediments 
in  the  form  of  dykes,  sheets,  and  necks;  but  it  seems  fitting  to 
refer  to  the  valuable  contribution  which  Cohen  has  made  to  our 
petrographical  knowledge  of  these  rocks,  for  it  is  to  him  that  we 
owe  our  earliest  and  still  most  extensive  series  of  papers  on 
South  African  petrography. 

NATAL    STRATIGRAPHY. 

Natal  geology  is  discussed  in  several  of  the  papers  already 
mentioned,  notably  those  of  Sutherland,  Griesbach,  and 
Schenck,  and  is  also  presented  on  the  1875  and  1887  maps  of 
Mr.  E.  J.  Dunn.  All  of  these  writers  naturally  made  compari- 
sons and  correlations  with  the  formations  of  the  Cape,  for  to 

Feistinantel,  29,  p.  75.  "^  Seeley,  86.  •'  Seward,  S9. 
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a  larpe  extent.  Natal  and  Cape  Colony  are  geologically  alike, 
und  tbcre  ia  little  diffioulty  in  inetituting  reaaonable  coropaTi- 
8ons.  The  oldor  Natal  rockg,  liowever,  resemble  those  of  the 
Transvaal,  rather  than  those  of  the  Cape,  in  being,  bo  far  as  yet 
known,  devoid  of  all  orgauie  remains,  and  there  is  accordingly 

s  difficulty  in  attaining  detailed  correlations. 
Mr.  William  Anderson,  who  was  appointed  Government 
Uciilngiat  of  Natal  in  1898,  has  in  his  first  report^  dealt  with 
the  question,  and  rightly  refused,  for  the  time  at  least,  to  adopt 
H  close  forrelation  of  the  Pre-Dwyka  sediments  of  Natal  with 
thosp  of  the  Cape,  preferring  to  refer  to  them  simply  aa 
PatffioKoic  sandstones.  Mr.  ,Ander»on  ngi-ees  with  earlier 
writers  that  these  sandstones  rest  u  neon  form  ably  on  the  granite 
and  raelnmorphir  rocks,  which,  he  states,  form  the  oldest  rocks 
of  this  part  of  South  Africa.  The  survey  which  Mr. 
Anderson  iuts  already  made  of  the  Nutal  rocks  has 
shown  him  that  there  is  not  only  the  unooii- 
forniity  beneath  the  Dwyka.  which  Sutherland  recognised,  but 

>  a  slighter  one  above  the  same  formation.  This  brings 
the  Natal  glacial  cimglomerafe  into  line  with  that  of  northern 
Cape  Colony  and  the  Transvaal.  From  Mr.  Anderson's  re- 
searches the  age  of  the  Natal  coal  beds  appears  also  to  corre- 
spond to  that  of  the  Ecca  beds  of  the  Cape,  and  not  to  the  Storm- 
berg.  The  Slormberg  Series  ia,  however,  well  developed  in  the 
Drakcnsbcrgen,  the  various  divisions  being  easily  recognisable 
through  the  Transkeian  Territories  into  Natal,  and  a  perfect 
eorrelalion  with  the    typical    sequence    of    the    Cape    can    be 

The  Natal  coastal  cn>laceous  rocks  are  dealt  with  in  the 
next  section. 

THE   COASTAL   CRETACEOUS   SOCKS. 

A  marke'I  geological  feature  in  South  Africa  is  the  com- 
parative absence  of  rocks,  corresponding  to  the  later  Secondary 
and  Tertiary  Systems  of  other  parts  of  the  world. 

The  recent  work  of  Mr.  A.  C.  Seward  on  ihc  fiora  of  the 
Stormberg  Beds,  has  confirmed  Feistmaulcl's  determination  of 
these  as  Khaetic.  Except,  therefore,  a  considerable  variety  of 
superficial  deposits  the  origin  of  some  of  which  certainly 
dates  back  to  Tertiary  times— we  have  no  rooka  other  than 
those  occurring,  over  comparatively  limited  areas,  at  Mossel 
Hay  and  the  neighbouring  inland  districts  of  Oudtahoorn  and 
Worcester,  at  Citenhagc,  and  on  the  Pondoland,  Natal,  and 
Ziilulitnil  Coasts,  to  represent  the  great  lapse  of  time  indicated 
bv  llic  JurassTc.  Cretaceous,  and  all  the  Tertiary  Systems  of 
other  parts  of  the  world. 

Tlic  t'liilieat  account  of  these  coastal  deposits  which  I  know, 
was  given  in  1S:1T  by  Hunsniann,^  who  described  a  suite  of 
fossils  sent  him  from  Enon  and  Uitenhage  by  a  Mr.  Hertzog. 


'  .\ndpr«ciD,  2. 
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As  a  result  nf  liis  dcteriiii nation  of  tlie  fossils,  Hausmanii  cor- 
ix'lated  the  fiirmaliuii  with  the  Lower  Greensand  cif  Europe. 

In  lS4il,  and  again  more  comprehensively  in  1845,  Dr. 
Ferdinand  Krauss,'  of  Stiilttrart,  gave  the  geological  results  of 
a  visit  he  had  made  to  the  pastern  portion  of  Cape  CoIdhv. 
where  these  beds  occur.  Uo  also  suid  that  the  rnrks  "  probably 
hflontr  to  the  Lower  Greensand." 

llain  described  the  lieda  whirdi  occur  near  ritenhajre,  and 
rame  to  the  conclusion  ihfit  Hiey  had  more  of  an  "  oiditii-  than 
a  liaB.sic  character."  ^ 

Sharpe,  who  described  the  secondary  fossils  coUecled  and 
sent  home  bv  Bain  and  Atherstonc,  stated  that  "  the  forms 
which  they  most  nearly  i-esemble  are  those  which  are  found  in 
the  middle  and  lower  pai't  of  the  Oolitic  Series."  He  considered 
that  Bain  placed  the  beds  too  low  in  comparing  them  to  the 
Lias,  but  Ej;auss'  view  that  they  M'erc  Cretaceous  "  seemed  to 
rest  on  still  weaker  grounds."* 

The  I'ilenhage  Beds  were  described  and  classified  by  Dr. 
W.  G,  Atherstone*  in  1H54.,  and.  in  18ti7.  Ralph  T.it«'^  adopted 
Atherstone's  classification  of  the  beds  in  his  description  of  a 
representative  suite  of  their  fossils,  which  had  been  col- 
lected by  Drs.  Atherstone  and  ilubidgc,  Messrs.  Longlands, 
Harvey,  and  Rock,  and  presented  (u  the  London  (ieological 
Society. 

Tate  in  his  pniicr  inlioduced  llic  name  "'  ritcnluige  forma- 
tion," and  concluded  '"  lli^il  llii'  fiiuua  of  the  strata  (Trigonia- 
"  beds)  overlyiiijr  llic  phiol-bcaring  beds  of  Geelhoutlioom 
"presents  a  dciidcd  Hulitic  fades:  and,  although  few 
"  species  are  common  lo  these  South  African  strata  and 
"  the  European  Oolites,  yet  from  the  large  number  of 
"  species  in  these  strata  at  I'itenhage  having  analogues  in 
"  the  Lower  anil  Middle  ttolites,  and  the  species  in  common 
■' pointiug  in  the  same  direction,  the  fossil  fauna  of  the 
"  Sunday's  liivei  and  Zwarlkop  Itiver  limestones  repre- 
■' seats  that  of  the  (lolilir  nicks  of  Europe,  and  appmxi- 
"  mates  to  that  of  the  Great  Oolite."" 

Stow,  in  his  usual  minute  careful  manner,  gave  in  W71 
an  account  of  the  "Juiivssic  Formations."^  He  descril)ed  a  series 
of  sections  with  the  fossil  contents  of  each  zone,  and  showed 
conclusively  that  there  is  gieat  variation  in  the  sequence  of 
beds  in  this  formation. 

In  a  paper  published  in  18A1.  Xeun]a,\T,  after  describing 
various  new  niollusca  from  the  Titenhage  formation,  and  to- 
viewing  the  work  of  his  predecessors,  returned  to  the  view 
that  the  T'iteuhage  formation  is  Ci-etiiceoua,  and  placwl  it 
parallel  with  the  Neoconiian.  •* 


'  KniTisB.  ill,  M. 
'  Slurpt'.  81,  p.  203.  '  Allwr-it 

■  Loe.  eit.  pL  167.  ^  Stow,  97. 
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On  his  1887  inop  Mr.  Dunn  fihowa  the  distiibutiou  of  tiifise 
beds,  under  the  iiame  "  Enon  Conglomerale  and  Sunday  River 
Beds,  Jurasaic."  at  Worrester — their  most  westerly  occurrence — 
at  OudtHhoorn.  MoBsel  Bay,  and  ITitenliage. 

Mr.  R.  Bulleu  Newton,  iti  IKIHi,'  describing  a  specimen  t'f 
Aleitryonia  uiit/ulata,  found  by  Mr.  David  Draper  at  Sofala, 
gave  a  critical  review  of  the  previous  desoriptions  of  the 
t'itenhage  fossils,  and  concluded  that  these  were  of  Lower  Cre- 
taceous, or  Neocomian  species. 

During  the  first  years  of  the  Cape  suiTey  we  found  the 
Dilenliage  beds  well  represented  in  the  Bouth-western  districts 
from  Worcester  to  Moasel  Bay,  Their  unconformable  relation 
to  the  older  rocks  was  everywhere  apparent — au  especially  fine 
section  being  aft'ortled  at  Cape  St.  Blaize,  where  Enon  Beds  lie 
almost  horizontally  on  steeply  dipping  Table  Mountain  Sand- 
stone.* 

In  I.SOiJ.  Mr.  Sehwarz  made  the  interesting  discovery  that 
some  of  the  Enon  Beds  at  Knysna  contain  Trif/i/nin,^  and,  in 
the  following  year,  he  and  Mr.  Rogers  mapped  a  considerable 
extent  of  the  formation  in  the  original  locality  around  Uiten- 
hage.* 

The  fossil  plants  collected  by  Messrs.  Rogers  aud  Sehwarz, 
in  the  various  localities  mapped  by  them,  have  recently  been 
described  by  Mr.  Seward,  and  as  a  result  he  has  confirmed  the 
earlier  determinations  of  tlie  age  of  the  series  as  Lower  Green- 
sand.^ 

On  the  coast  of  Pondoland,  south-west  of  the  Umtamvuua 
River  mouth,  are  certain  outcrops  of  Cretaceous  rocks,  whicli 
have  been  known,  and  recognised  as  such,  since  1855.  The 
rocks  were  then  briefly  described  by  R,  J.  Garden,  whose  col- 
lection of  the  fossils  was  described  by  W.  II.  Baily.  Garden 
states  that  the  rocks  were  discovered  by  H.  F.  Fynn  in  1824. 
Baily  concluded  that  the  Beds  wei-o  probably  the  equivalent  of 
the  Upper  Greensaml  of  England."  The  nest  de- 
scription of  tliese  beds  was  given  by  Mr.  Gries- 
bach,'  rflio,  in  addition  to  the  localities  where  Garden  found 
them,  also  mentions  the  "  I>pd  of  a  small  stream  flowing  into 
the  St.  Lucia  Buy.  in  the  Zulu  country. "8  Griesbach  used  the 
aomewfaat  impossible  name,  "  Izinhluzabalungu  "  beds  for  the 
Pondoland  occuri-euce.  this,  according  to  Captain  Garden,  being 
the  native  name — meaning  "  the  bouses  of  the  white  men  " — 
for  certain  caves  in  the  formation.  Griesbach  described  the  rocks 
as  lying  unconformably  on  the  Karroo  formation,  and  con- 
sidered that  there  were  five  distinct  fossil  zones.  Among  the 
fossils  he  found  considerable  resemblance  to  those  occurring  in 
Indian  rocks  of  the  same  age.     Dunn,  on  his  1887  map,  shows 

'  Newton.  M.  =  Report  Qeul.  Com.  18(t8,  p.  IS,  '  Suhwnri,  8S. 

'  llocers  and  Scliimri,  74.  '  Seward,  W, 

•Oftnlen,  80,  Bnily,  4.  '  Qriesbnch,  86.  '  l.ec  cit.  ]i.  ill- 
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two  patches  of  these  rocks,  on  the  Pomhtland  and  Katal  coasts, 
which  he  names  "  rmtamvoona  Beds,"  and  classifieH  as  creta- 
ceous. In  1900  Messrs.  Rogei-a  and  Schwarst  described  the  Pondo- 
land  cretaceous  rocks.  Tliey  found  that  there  had  been  con- 
siderable change  in  the  outrrops  of  these  rocks  since  Garden's 
and  Griesbach's  descriptions :  instead  of  eight  hundred  yards  of 
caves  they  found  that  the  line  extended  for  a  mile  :  rm  the  ex- 
treme end  of  the  left  bank  of  the  L'nizamha  Itiver,  wht-re  Garden 
had  found  the  fossiliferous  rocks,  they  saw  only  sinul.  They 
found  that  the  fossils  are  nut  in  detjned  zones  as  Qriesbach  had 
thought,  but  that  the  majority  of  the  species  are  distributed 
throughout  the  entire  thickness — only  some  twenty  feet — of 
exposed  rock.' 

In  the  first  report  of  the  geological  survey  of  Natal  and 
/ululand,  Mr.  Anderson  describes  the  cretaceous  rocks  from 
three  localities  in  Zululand :  one  on  the  south  bank  of  the 
Umfolosi  Hiver,  close  to  Lake  Isitesa:  another  on  the  IJniai- 
nene  Itiver,  which  he  identifies  with  Griesbach's  St.  Lucia  Bay 
hiculity:and  a  third  in  the  hed  of  a  stream,  "about  two  miles 
east  of  Crossly's  store,  Bombeni,  near  the  liioutheni  end  of  the 
Lebomho  Range."  Mr.  Anderson  is  of  opinion  that  the  forma- 
tion is  much  more  largely  present  than  the  outcrftps  indicate, 
hut  is  hidden  by  the  overlying  sands.  He  made  a  collection  of 
the  fossils,  which  are  to  be  described  by  Mr.  It.  Etberidge, 
Junr.- 

TKAXSV.\.\L    STRATICn.\PIIY. 

Turning  now  to  Transvaal  stratigraphy,  we  tintl  that  geo- 
logical ini[uiry  here  has  the  same  history  as  in  the  ("ape 
Colony :  first  the  observations — sometimes  of  scientific  value, 
sometimes  piii*ely  casual — of  the  passing  traveller;  then  th© 
work  of  those  with  opportunity  for  more  thorough  study, 
whether  as  local  amateurs,  or  as  professional  visitors  to  some 
ai-ea  of  real  or  supposed  economic  value;  then  finally  the  sys- 
tematised  work  of  a  state  sui-vey.  Controversy  over  the  larger 
questions  has  never  been  so  acute  as  in  Cape  Colony,  but  as 
the  identity  or  non-identity  of  reefs  has  generally  been  the 
main  question  when  dispute  did  arise,  there  has  been  room 
for  much  difference  of  opinion,  with  a  corros|>onding 
difficulty  for  the  dispntauts  to  remain  coldly  scientific. 
The  geology  of  the  Cape  Colony  being  comparatively  well 
known  when  that  of  the  Transvaal  began  to  be  studied,  moat 
writers  have  naturally  been  tempted  to  draw  comparisons  be- 
tween the  two  regions,  thus  unfortunately  producing  much 
confusion  and  but  little  scientific  result.  It  is,  of  course,  since 
I8S6  that  most  attention  has  been  given  to  Truusvnnl  geology; 
but  before  (hat  time  the  gold  fields  of  Lydcnburg  iind  De  Kaap. 
and  the  coal  deposits  {if  the  southern  Transviial.  had  given 
occasion  for  the  visits  of  such  men  as  C-ohen  and  Penning,  who 
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hfitli  matle  ronlribiitions  ttiwaiil  (!ic  elucidation  of  tbe  strati- 
graphical  problem. 

IJf  the  earlier  travellers,  wlio  have  given  geologieal  infor- 
inatloii  aljoiit  the  Transva<il,  1  mav  lueiitiou  Mauoh'  ami 
Hubner.  -  Mauch  has  many  sciilteretl  geological  obsurvationa 
throughout  the  alory  of  his  wanderings;  and  Hiibiier,  giving 
M  geological  sketch  of  his  route  from  I'otehefstroom  to  Inyati 
and  then  north  lo  Tati,  deseribes  chiefly  the  old  grauile  and 
it«  associated  rocks.  He  recognised  that  the  "  red  eruptive 
rock  of  the  Pilandsberg  "  was  younger  than  any  of  the  other 
rocks  which  he  saw.-' 

After  iliibner.  Penning,  so  far  as  I  can  learn,  was  the 
next  to  attempt^ — if  only  partially — ibe  stratjgraphiciil  problem. 
In  1884  and  1S85,  he  read  two  papers  before  tin'  Loudi.n  (Jen- 
logical  Society  dealing  ruspectivelv  with  the  "  lligli  Lcvfl  I'inii- 
fielda."  and  tfie  "  Gold-fields  of  Lydeuburg  and  ]><■  Kaup.-  U.- 
described  the  coal  formation  as  resting  on  rinka  uf  "  picdiably 
Upper  Palaeozoic  age.  the  Megaliesberg  Beds."  To  the  sbale's 
forming  the  lower  part  of  the  coal  formation  he  applied  the 
name  Kimborley  Bens." ' 

In  his  second  paper  Penning  gives,  for  the  district  with 
which  be  deals,  the  folluwiDg  sequence: — '' 

'"  '    "  •'"   '       _   Lhc  coal  formation]. 
(Magaliesberg       Beds, 
--^cliidins 


High  Veldt  Beds  [- 
Devonian  .'  rocks  [ 


eluding  the  dolomite,  which 
I  he  calle<l  chalcedolitel. 


2.     Sihirian  ^  rooks. 

1.  Grflintic  ?  rocks. 

E.  J.  Dunn,  on  bis  map  of  1887,  to  a  much  greater  extent 
tban  on  cither  of  the  pi'evioua  editions,  presents  a  distribution 
of  the  rocks  of  the  Transvaal,  and  (heir  correlation  wilh  those 
of  Cape  t'olony.  but  in  both  respects  this  portion  of  the  map  has 
not  the  same  vahie  as  has  his  representation  of  the  geidogy  of 
the  latter  colony. 

Dr.  Schenck  discussed  Transvaal  sitratigraphy  in  his  paper 
of  ISHH,"  and  to  a  less  extent  in  one  on  the  "  Occurrence  of 
gold  in  t'>"  Transvaal"  wtitten  in  the  following  year."  He 
classified  the  Transvaal  rocks  in  the  same  main  groups  as  those 
of  Cape  t'olony.  namely:-  - 

^1.     Kiirrooforniation. 

2.  Kapformation. 
Siidafrikaniscbe   Priniurformation. 

In  the  first  aroup  Schenck  placed  the  granite  and  gneiss  with 
bis  "  Swaai  Beds,"  the  latter  including  the  clay-slates,  quartz- 
itea,  and  striped  magnetic  slates  near  the  base  of  Ibe  Wil- 
waf^rsrand  Series.  He  united  the  rocks  of  the  Magaliesberg 
with  those  of  the  Witwaterarand.  and  correlated  both  with  Ibe 

■1  l.oe.  rit.  p.  4il.         *  Pennme.  HI.  \>.  6,m 
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Table  Mountain  Saudstone  and  Bokkevcld  BedH,  witich  in  his 
opinion  where  equivalent  faciea.  Schenck's  classification  of 
the  Transvaal  rocks  has  been  more  or  leas  follnwed  by  Bubae- 
(Hieut  writers,  but  it  is  to  lie  deprecated  (hat  liis  correlations 
should  BO  often  have  been  accepted  as  proved  facts,  when  they 
were  merely  reasonable  Btlempts  to  give  as  comprehensive  a 
view  of  the  ffeologiral  knowledge  of  sixteen  years  ago  as  was 
possible. 

Dr.  G.  A.  F.  iloiengraaff  first  visited  South  Africa  in  1890 
in  which  year  he  had  published,  in  Dutch,  a  non-critical 
resume  of  the  then  existing  views  regarding  South  African 
atratifjniphy, '  Tlio  resiiUs  of  his  own  visit,  which  lusted  some 
two  utontlis,  were  brietiy  given  in  a  lecture  to  the  Third  Con- 
gress of  Natunvlists  and  Chemists  at  ITlreoht,  in  18!>1,*  and 
three  years  later,  in  more  complete  form,  as  a  paper  in  the 
Neuea  Jahrbiich."  In  the  latter,  Dr.  Molengraaft  bases  his 
clasBificHlion  on  that  of  Schenck,  but  gives  moi-e  detail.  The 
lowest  Witwaterarand  Beds  are  separated  from  the  upper  as  the 
"  Old  Schist  formation,"  with  an  unconformity  above  and  be- 
low, and  to  this  aeries  (he  magnetic  quartzites  and  slates  of  tbe 
Magalieaberg  arc  assigned — a  grouping  which  Schenck  had  also 
given.  The  i-laasificaiion  given  in  this  paper  was  abandoned 
by  its  author,  when  later,  as  State  Geologist,  he  had  had  oppor- 
tunity for  more  extended  and  more  systematic  siratigraphical 
investigation. 

In  1H91  Penning  made  a  further  addition  ti>  his  previous 
classification.      One    of    his    main    groups,    the    "  Megaliesberg 
formation,  Permian."  includes  the   Witwaterarand    Beds,    and 
his  ■''  Klipriver  Series,"  which  embraces  the   Black    Reef,    the 
Dolomite  (which  he  called  "'Chaleedolite"),  and  the  "  Megalies- 
berir  quartzites."     He  recognised  that  the  only  formation  that 
could  be  approximately  classified  was  the    newest    of  all,    that 
which  in  1884  he  described  aa  the  High-level  Coalfields  of  South 
Africa,  and  which  he  took  to   be  of  Oolitic  age.     In  his   1885 
paper.  Penning  speaks  of  an  unreliable  report  of  gruptolites 
having  been   observed  in  his  "  Silurian  ? "  rocks,*  and    in    the  J 
1891  paper  be  states  that  he  believes  his  provisional  De  Kaap  I 
Valley  Beds  "  to  be  of  Silurian  age,  although  there  is  no  fossil   ' 
evidence  except  that  of  a  few  obscure  Corals."* 

In  1894  Mr,  David  Draper  gave  a  geological  description  of  i 
soiith-easterQ  Africa,"  including  the  colony  of  Natal,  2ululand  ' 
and  Swazieland.  the  sonth-eastern  Transvaal,  and  tbe  eastern  I 
portion  of  tbe  Orange  Free  Slate  and  Basulolaud.  The  bulk  I 
of  the  paper  gives  an  account  of  (he  Karroo  Beds,  including  I 
the  Dwyka  Conglomerate,  which  the  author  inclined  to  believe 
showed  as  nnn-h  evidence  of  igneous  as  of  aqueous  origin. 
He  quotes  the  opinion  of  Dr.  Molengraaff,  who  had  "studied  \ 
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the  nick  bnlli  in  til  a  and  by  means  of  microscope  sectiona,"  to 
the  effect  that  it  is  "  a  volcanic  tiifl'  fa  prubably  Permian  diabaae 
tufl'V  full  of  tragments  of  older  rocKs,"'  The  old  rocks  are 
di-Bcribed  as  "  Primaiy  Rocks,"  consisting  principally  of  Table 
Mountain  Sandntiine  resting  nnconformably  on  Malmeabury 
Schists,  thf  latter  comprisinfc  schists,  slates,  quartzites,  (rranite, 
and  Rlieiss.  The  ifeneral  elHaaificatinn  which  Mr.  Draper  gives 
is  interPBtiiig,  in  that  ho  rcfrards  the  Bokkeveld  Beds  as  wanting 
in  the  Transviial.  but  he  indicates  their  position  as  being  nnder- 
neath  the  ■■  Malniani  Liniestoue  (Dolomite)." 

Two  veal's  later,-  Draper  gave  a.  description,  clossilication, 
find  correlation  of  the '"  Primary  systems  of  South  Africa."  He 
amplifies  his  pi-eviotis  sequence  by  the  insertion  of  the  Lvden- 
burg  Beds  (Unnn)  and  Swasi  Beds  (Schenck)  above  the  Ma'lmes- 
bury  Beds,  and  the  coiTelation,  suggested  by  Professor  Knpert 
Jones  in  a  foot-note  to  the  previous  paper,  nf  the  Magalieshcrg 
and  Galsraud  ipmrtzites  with  those  of  the  Zwarteberg  and 
Witteberg  of  the  ('ape.  Mr.  Draper  places  a  slight  uncon- 
formity beiieuth  these,  annther  heneatli  the  dolomite,  and  a 
great  unconformity  beneath  the  Table  Mountain  Sandstone, 
with  which  he  correlates  the  Witwatersrand  conglomerate 
wries. 

In  a  lecture  given  in  London  in  the  same  year,  1896,  Mr. 
Draper^  classified  the  older  Transvaal  rocks  thus,  from  above 
downward  :  — 

.    ftiats  Rand  Bods. 

■  \]>olomitic  limestiHio  with   Black  Reef  Quiirtzite. 
(Unconformity). 

(Quartzites  and  slates  with^ 
iiiassive       congionierate  >TabIe  Mountain  Sandstone. 
beds  inlerstratihed.  J 

Quartzites  and  shales  without  Conglomerate  beds. 
I    .     .  ("Namaqualand  iSchists. 

Archaean.    {Q^anitlc  rocks. 

In  1898  Dr.  F.  H.  Hatch  published  "  A  Geological  Survey 
of  the  Witwatersrand  and  other  districts  in  the  southern 
Transvaal."^  In  his  clussificatiou  be  also  adopted  the  divisions 
introduced  hy  Scheiick:  1,  Archaean;  2,  Cape  System;  3.  Kar- 
roo System.  The  Archaean  system  comprises  the  granite  and 
the  eryslalliuc  schists;  the  t^ape  system  includes  five  scries  of 
beds,  from  the  Hospital  Hill  Series  to  the  quartzites  of  the 
Magaliesberg  and  Gafsrand,  with  a  division,  into  upper  ami 
lower,  between  the  KHpriveisberg  Amygdaloid  and  the  Wit- 
watersrand Beds.  In  this  paper  Dr.  Hatch  confirms  Penning's 
original  and,  as  we  know,  correct  view  that  the  Magaliesberg 
Bedsare  the  same  as  those  nflbe  Gatsrand,  and  not,  as  Schenck 
and  Holcngruiiif  had  held,  identical  with  those  of  the  Wit- 
watersrand,    Dr.  Halcb's  paper  gives  a  clear  view  of  the  suc- 
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cession,  though  not  of  the  grouping,  as  we  now  accept  it.  The 
position  of  the  Klipriversberg  Amygdaloid  as  a  flow  unconform- 
ably  beneath  the  filack  Reef  is  correctly  given,  though  at  that 
time  Dr.  Hatch  had  not  seen  evidence  to  prove  its  unconformity 
upon  the  Witwatersrand  Beds,  as  he  himself  has  since  pointed 
out.^ 

Dr.  Molengraafif  began  work  as  State  Geologist  of  the 
Transvaal  in  September,  1897,  and  his  first  report  gives  the 
results  of  his  work  for  the  remainder  of  the  year.2  In  this 
first  official  publication,  a  "  preliminary  report  on  the  succes- 
sion of  the  formations  in  the  southern  half  of  the  South  Afri- 
can Republic  "  is  given.  The  author  adopts,  for  the  lowest 
sub-division,  the  name,  "  South  African  Primary  Formation  or 
Barberton  Formation,"  which  includes :  — 

"  1.     Granite  and  Schists. 

"  2.  Hospital  Hill  Series,  including  Hatch's  Hospital 
Series  and  Gibson's  lower  Quartzite  Group,  as  well 
as  a  large  portion  of  Schenck's  Swazi  Schists. 

"  3.  The  Witwatersrand  Series — the  exact  position  of 
which  in  the  general  system  has  not  yet  been  satisfac- 
torily determined."^ 

Dr.  MolengraaflE  approved  of  Schenck's  term,  **  Cape  Sys- 
tem," as  applied  to  the  Black  Reef,  Dolomite,  and  Magaliesberg 
or  Pretoria  Beds,  which  he  correlated  respectively  with  the 
Table  Mountain  Sandstone,  the  Bokkeveld  Beds,  and  the  Witte- 
berg  Beds  of  the  Cape.  In  this  report  the  Magaliesberg  Beds 
are  placed  in  the  position  to  which  Penning  and  Hatch  had  pre- 
viously assigned  them.  Of  the  Karroo  System  in  the  Trans- 
vaal, only  the  coal-bearing  sandstone  is  dealt  with,  and  that  is 
placed  parallel  with  the  Stormberg  Beds  of  the  Cape  Colony. 

The  second  and  last  report*  of  Dr.  MolengraafF  as  Trans- 
vaal State  Geologist  gives  the  results  of  the  work  carried  out 
in  1898 — results  bearing  conspicuous  testimony  to  their 
author's  energy  and  enthusiasm.  In  this  report  the 
South  African  Primary  System  is  given  virtually  ns 
in  the  previous  report,  but  the  author  states  that 
absolute  certainty  regarding  the  relation  of  the  schists  to 
the  Barberton  Formation  has,  however,  not  been  established.  ^ 
The  Cape  System  is  enlarged  by  the  provisional  inclusion,  in 
ascending  order,  of  two  hitherto  unrecognised  series,  the  **  Red 
Granite"  and  the  **  Waterberg  Sandstone."  This  ''lied 
Granite  "  had  generally  been  confused  with  the  "  Old  Granite,'' 
though  Hiibner  recognised  that  the  red  rock  of  Pilandsberg  was 
much  younofer  than  the  latter." 

The  work  of  the  Transvaal  geological  survey  under  the 
republican  government  was  cut  short  in  1899  by  the  war,  but 
in  1901  Dr.  Molengraaff  published  the  results  of  his  previous 

^  Thatch,  4«.  '^  Molengraaft,  58.  •*  Loc.  cit.  p.  123. 

*  Molengraaff  59.         *  Molengraaff,  loc,  cit,  p.  3.         «  Hiibner,  48,  p.  424. 
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work,  with  an  accompanying  map,  in  the  Bulletin  of  tlie  Geo- 
logical Society  of  Franco.'  This  is  tlie  moat  comprehensive 
account  oi  Transvaal  geology  which  we  at  present  have.  The 
sequence  given  in  it  does  not  present  any  esseutifil  difieience 
from  that  given  by  the  author  in  his  189«  report.  Dr.  Molen- 
graaff  takes  the  Barberton  Series,  of  wiiieh  the  Ilospitdl  Hili 
and  Witwatersrand  Series  are  held  to  be  local  nioditiciiliuna. 
US  the  oldest  formation,  into  which  he  considers  the  old  granite 
to  be  intrusive.  The  '"  Eed  Granite,"  with  its  associated  norite 
and  porphvritic  rocks,  is  now  classified  as  the  "  Plutonic  Scries 
of  the  Bustiveld,"  and  regarded  as  a  great  laicoHte.  (Uice  covered 
by  Waterberg  Sandstone,  instead  of  as  a  flow  intermediate  in 
age  fo  the  Pretoria  and  Wnterberg  Series. 

We  may  say  that,  thanks  to  the  work  uf  the  many  geo- 
Iftgista  to  whom  I  have  referred,  and  especially  to  that  of 
Molengraaff  and  Hatch,  the  main  divisions  and  sequence  of 
the  Transvaal  rocks  have  been  made  out,  though  theif  are  many 
rpiestions  of  distribution  and  local  relationship  still  to  he 
solved.  The  period  which  has  elapsed  since  the  war  ceased  has  not 
been  unfruitful  in  geological  results,  as  the  Transactions  of  the 
Geological  Society  of  South  Africa  testify.  The  chief  striiti- 
graphical  facts  which  have  been  hronght  to  light  during  this 
period  are :  — 

(1.)  The  recognition  that  beneath  the  Black  Reef  Series 
we  have  an  extensive  formation,  resting  unconformnblv  on  the 
Witwatersrand  Beds,  and  cnnsisting,  not  only  of  the  well-known 
iimygdabiids,  of  which  those  of  the  Klipriversherg  may  be 
taken  as  typical,  but  also  of  a  series  of  conglomerates,  grits, 
volcanic  breccia.s.  tufas,  and  banded  cherts, 

(2.)  The  fad  that  the  Witwatersrand  Beds  are  not  oldtr 
than,  hut  rest  uncr>mfnrmab!y  upon,  the  old  granite,  has  been 
again  insisted  npon.  This  is  a  retnrn  to  the  view  held  by  Gib- 
wiu,*  Hatch,*  and  Penning,*  which,  however,  has  been  latterly 
replaced  by  tlie  opinion,  urged  chiefly  by  Dr.  Molengraaft',  that 
the  granite  is  intrusive  in  certain  schists  held  tn  be  part  of  the 
Witwatersrand  Series. 

(3.)  Tlie  discovery  that  the  Waferberg  Sandstone  is  not 
conformable  to  the  older  underlying  rocks,  has  been  made 
by  seveml  workers  independently  in  different  localities.  Mr. 
Dfirffel  has  already  published  the  fact  as  an  inference  from  the 
position  of  the  cobalt  lodes  in  the  Balmoral  DiHtriot;"  Mr.  E. 
Jorissen  found  the  Waterbcrg  Sandstone  resting  iinconform- 
ably  on  Pretoria  Beds  in  the  Rustenbnrg  District;  Mr.  E.  T. 
Meilor  found  the  same  relationship  near  Pretoria;  and  I  myself 
found  the  Waterbcrg  conglomerates  and  quartitites  i-esting 
directly  on  the  old  granite,  on  the  northern  and  southern  sIo|»es 
of  the  Zoiitp;inslierjr7 ^ ^_ 

^MiJwTirraaff.BiT^  =Huioli.  18;  MoWit-raalT,  ««;  Corswn-pWne.  U. 
'  Oilmn,  »t.  '  II«Wi.  40.  •  Penning,  M         '  Dftrflel,  17. 

'  SitipB  Ui»  fthtn-e  was  »nticn  ihe  obMrvaiioiw  of  MewrB.  Jomwn  nnH  Mellw 
Ti»ve  bwn  piiblislie.!  in  the  Trail"-  of  tW  Oeol.  Soo   of  Strntli  Africa.  Vol.  VU. 
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Most,  promising  of  all  for  the  systematic  inveBtigation  of 
the  many  interesting  geological  prohlems  of  tliis  country,  the 
survey  has  been  re-established,  and  we  look  forward  with  in- 
terest, and  with  the  certainty  of  valuable  result,  to  the  first 
annual  report  which  the  Director,  Mr.  Kynaston,  will  shortly 
present  to  the  goTernmont. 


lTIONS  in  1 


IVERAl. 


THE   COKBELATIUX   OF  TUB    FOUU 
COLONIES. 

The  main  stratigraphical  (juestion  now  awaiting  solution 
in  South  Airira  is  the  correlation  of  the  formations  in  tho 
various  colonies.  It  is  not  a  problem  to  which  a  de&nite 
answer  can  be  immediately  given;  we  are  not  yet  able  to  do 
much  more  than  formulate  reasonable  working'hypotheaes,  or, 
in  some  instanfes,  simply  to  state  the  case.  We  are  dealing 
with  an  enormous  area  of  country,  and  are  bound  to  recoo^nise 
that  we  are  not  yet  justified  in  assuming  that  we  know  all  the 
formations  present  in  South  Africa.  Even  if  we  could  aesum* 
this,  it  is  probable  that  definite  correlations  would  not,  us  re- 
gards some  of  the  groups,  be  possible,  and  that  we  must  wait 
till  they  are  virtually  joined  up  by  actual  survey. 

The  absence  of  fossils  throughout  the  greater  portion  of 
the  sedimentary  rocks  of  South  Africa  is  a  striking  feature,  not 
easily  explicable.  If  renders  correlation,  not  only  with  foi*eign 
strata,  but  even  between  the  individual  members  of  the 
sequence  in  the  various  portions  of  this  country,  extremely 
difficult.  So  far  as  I  know,  the  records  of  fossils  from  the 
Pre-Karroo  rocks,  outside  of  Cape  Colony,  ai-e  limited  to  the 
casual  remarks  of  Penning  which  I  have  already  quoted  (flee 
p.  166);  the  observation  by  Professor  Cohen  that,  on  the 
weathered  surface  of  the  dolomite  near  the  Makwassi  Spruit, 
between  Klerksdorp  and  Potchefstroom.  he  found  impressions 
of  crinoids,  and  of  brachiopoda  resembling  Orthh  mid  Chn- 
nvten:  *  the  statement  by  Grieabach  that  in  a  soft  shale  band  in 
the  Table  Mountain  Sandstone  of  the  Rrant/.kop,  Natal,  he 
found  some  bivalves  and  a  finely  striated  PntvUu.  both  too  in- 
distinct for  determination  ;-  and  the  discovery  of  iiidetertiiinate 
crinoid  stems  in  the  Waterberg  sandstone  of  the  Palalu  Plat- 
eau by  Dr.  Molengraaff.  * 

In  attempting  correlations  we  have  thei 
upon  the  least  valiil   basis     petrographiial 

this  were  combined  with  a  general  parallelism  lu  Hie  sequence  i 
of  the  locks  in  the  various  areas,  it  could  lie  regarded  aa  of  the 
more  value.  Often,  however,  we  have,  in  the  present  state  of  J 
our  knowledge,  to  try  to  correlate  widely  separated  exposures  [ 
of  rocks,  with  many  unconformities,  and'conscoueutly  varyinyj 
relationships.  Petroeraphical  resemblances  then  prove  (  ' 
suliicient  basis  for  definite  correlation.  In  dealing  with  several  | 
of  the  divergent  groups  of  the  old  rocks  in  scparule  localities, 


(■for.'  to  fall  back 
ivsemblance.        If   ' 
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all  we  VB.U  widi  certainty  say  i>f  them  is,  tliat.  iLey  are  uf  Pre- 
KuiTOo  age. 

The  difficulty  begins  with  the  granites.  On  the  south  wo 
have  granite  intrusive  in  the  Malnieshnry  slalea;  on  the  north 
there  iH  no  ilefinite  ovidenre  fortheoming,  with  the  possible  es- 
ception  of  the  Vredefort  granite  mass,  that  the  granite  is  in- 
trusive in  any  of  the  rocka  now  exposed.  The  various  descnp- 
lions  of  Namaqualand,  Bushmanland,  Bechuanaland,  and 
Rhodesia,  all  agree  with  what  I  have  myaelf  seen  in  the 
northern,  as  well  as  in  the  southern  and  eastern,  Transvaal, 
where  the  granite  is  the  Iiasenient  rock  on  which  the  other  for- 
mations—in the  TriiUHVual,  Witwatersrand  Series,  Black  Heef 
Series,  Waterberg  Sandstone,  and  Karroo  System- — rest  un- 
con  form  ably. 

Many  descriptions  have  been  given  of  gneisses  and  schists 
into  which  the  granite  is  intrusive.  The  gneisses  which  I  have 
seen  throughout  the  Transvaal  are  banded  or  sheared  portions 
of  the  granite;  while  the  achista  are.  in  some  cases,  aplitie  or 
micaceous  aones;  in  othera,  marginal  differentiations;  and,  in 
others,  sheared  basic  Intrusions.  In  fact,  in  localities 
whence  such  rocks  have  been  recorded,  I  found  no  gneisses  and 
schists  older  than  the  granite,  which  Las  been  supposed  to  have 
intruded  into  them,  but  the  rocks  so  described  are  simply  varia- 
tions of  the  granite,  due  partly  to  magmattc  differentiation, 
and  partly  to  original  movements  during  the  unequal  solidifica- 
tion of  the  mass,  or  they  are  foreign  intrusive  rocks,  of  later 
age  than  the  granite,  rendered  slaty  or  schistose  by  tlie  subse- 
quent earth-movements  that  have  affected  the  whole  i-egion. 
The  mirthern  granite  appears  to  me  as  if  it  were  the  basal  por- 
tion of  Slime  gi-eat  igneous  mass,  which  may  at  one  time  have 
had  an  intrusive  relationship  with  some  maaa  of  atratified  rock, 
which  was  older  than  the  Witwatersrand  Series  but  which  lisi.s 
not  yet  been  definitely  recognised,  if  indeed  it  be  discoverable, 
owing  to  the  extensive  denudation  which  it  has  undergone,  and 
to  the  possibility  that  its  remnants  may  be  covered  by  more 
recent  formations.  That  the  granite  is  very  old,  and  had  been 
submerged  ayaiu  and  again,  is  shown  by  the  fact  that  it  is 
overlain  unconformably  by  beds  varying  in  age  fi-om  the  early 
Witwatersrand  Scries  down  to  the  beds  of  the  Karroo  System. 

The  correlation  of  the  Witwatersrand  Scries  with  any  of 
the  Cape  rocks  is  still  very  uncertain.  The  most  favoured  view 
is  that  the  auriferous  conglomerates,  with  their  associated 
slalea  and  quartzites.  are  of  the  same  age  as  the  Table  Mnun- 
tniii  Series.  The  petrographical  characters  of  the  quartzites 
and  roDglomerates  m  the  latter  formation— if  one  could  place 
much  reliance  on  mere  resemblances  among  quartzites,  or  even 
conglomerates — ai-e  in  some  parts  of  Cape  Colony  very  like 
those  of  the  beds  of  the  Witwatersrand  Series.  The  similar 
relation  nf  the  Witwatersraml  Series  and  the  Table  Slounlain 
SftrWB  to  the  underlying  granites,  might  be  adduced  as  another 
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argument,  but  that  asBumeB  the  correlation  of  the  srunitfu, 
which  is  not  at  present  irarranted.  Besides,  the  Black 
Reef — often  petrographi rally  not  unlike  Tahle  Munntuin  Suinl- 
stone — rests  uneonformably  on  the  gritnile,  ami  miplit  thcn- 
fore  on  those  same  grounds  have  a  claim  to  be  regarded  as  cor- 
relative with  the  great  cjuartzite  group  of  the  south. 

The  Table  Mountain  Series  of  the  Cape  ia  prartirallv  a 
(juartzite  series,  and  it  contains  none  of  the  varieties  of  striped 
ferruginous  slates,  so  characteristic  of  the  Witwatersiand  Series 
in  the  northern  colonies.  The  persistence  of  such  beds  as  the 
contorted  Hospital  Hill  Slate  tnvoughout  the  Tranavual,  and 
even  in  Rhodesia  and  the  Orange  Itiver  Colony,  suggests  that 
their  absence  on  the  south  is  a  weakness  in  (he  correlation, 
which  is  based  on  petrographical  similarity  between  the 
<martzites.  t^ne  may,  of  course,  say  that  the  absence  of  siicL 
slates  is  not  a  sufficient  basis  for  rejecting  the  correlation,  but 
the  persistence  of  petrographical  features  is  one  of  the  notahlc 
peculiarities  of  the  South  African  strata,  and  leads  one  ti> 
expect  a  lithological  resemblance  throughout  the  (wo  series 
if  they  are  the  same,  while  the  fact  that  the  northern  strata 
are  similar  throughout  their  extent,  and  the  southern  through- 
out theirs,  but  each  [letrograph ically  dissimilar  us  u  series  to 
the  other,  makes  me  prefer  tn  regard  the  questiou  as  still  (ip«'n. 

Uneonformably  above  the  Witwatersrand  Beds  lies  what 
is  in  the  main  a  volcanic  series,  with,  however,  numerous  sedi- 
ments, in  the  western  Transvaal  especially,  forming  part  of  it,  ' 
This  volcanic  aeries  continues  along  the  valley  of  the  Vaal  into 
northern  Cape  Colony,  but  unfortunately,  where  it  is  known  in 
the  latter  Colony,  we  have  none  of  the  typical  Cape  series  ut 
the  south  recognisable,  so  (hat  the  volcanic  series  does  not 
iifford  much  assistance  in  the  main  difficulty  caused  by  the 
divergent  characters  of  the  old  rocks  of  the  north  and  the  south 
of  Cape  Colony.  The  recognition  of  the  existence  of  such  » 
series  has,  moreover,  raised  the  question  of  the  correctness  of 
the  identification  of  several  supposed  occurrences  of  Dwj'fcit 
Conglomerate  -notably  that  at  Mafeking.  Dr.  Hatch  i-ecently 
visited  the  country  near  there,  and  found  undoubted  boulder 
beds  of  the  same  nature  as  those  which  he  described  associated 
with  the  volcanic  series  at  Ventersdorp.-  The  rocks  at  KIafekiiif{ 
are  described  by  Dr.  S.  Passarge^  in  a  recent  important  i-mi- 
tribution  to  our  knowledge  of  British  Uechuanaland  -the  only 
geological  description  of  that  territory  which  I  know  -and  he 
only  with  apparent  hesitation  decides  (ii  agree  with  pre- 
vious determinations  that  the  conglomerate  is  Dwyka.  His 
description  of  its  association  with  amygduloids  points  tn  the 
reasonableness  of  his  hesitation,    for    after    Dr.    Hatch's    rp- 

'  1^111011,44;  CarRtornhine,  14. 
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Sttiwfl  Matsap  Series  of  Griqiialand  West.  Wheu  Dr. 
Miileiigraatt',  iu  his  1898  report,  (lesciibeJ  the  two  fore- 
goiug  as  diatinctive  aeries,  he  thought  they  might  be 
regarded  as  two  new  membent  of  the  C'ape  System  (see  p,  16S> 
not  hitherto  recognised,  and  perhaps  not  existing  in  the  Cape 
Colony,  a  view  retaiiied  iu  hia  Freiicli  paper.  If,  however. 
theru  ia  ground,  from  their  relative  positions  to  the  iiuderlying 
.wries,  for  assuming  the  correlation  of  the  WaterhiTg  Sand- 
stone and  the  Matsap  Series,  there  is  no  reason  to  regard  t-itluT 
of  these  as  occupying  a  position  intermediate  to  the  Wiltclx-ig 
and  Ecca  Series  of  the  Cape.  It  is  trne  that  in  the  Transvaal 
the  Dwyka  conglomerate  ia  the  formation  next  in  age  tfl  the 
Waterherg  Series,  but  the  unconformity  beneath  ihe  Dwvka 
on  the  north  is  ao  great  that  we  cannot  infer  tlmt  the  youuirest 
rocks  found  underneath  it  there,  ahould  he  correlated  with  those 
conformably  below  it  on  the  south  of  Cape  Colony. 

The  differences  which  exist  between  the  rocks  of  the 
northern  and  southern  portions  of  the  i-egion  considered  in  this 
paper,  point  distinctly  to  a  different  geological  history  for  north 
and  south.  It  is  certain  that  the  northern  area 
was  a  land  surface,  at  ditlerent  intervals,  while  the  southern 
wda  under  the  sea.  and  it  may  therefore  be  imnossihle,  owing 
to  the  absence  of  fossils  and  the  presence  of  many  gaps  in  the 
series,  to  correlate  with  accuracy  the  rocks  in  riuestion. 
Penning  was  not  far  wrong  when,  in  1891.  he  said  the  only 
northern  formation  which  could  be  classified — though  his 
classification  was  incorrect — waa  the  coal  formation.  Definite 
correlation  with  the  Cape  rocks  first  became  possible  when  it 
was  discovered  by  Berprath  Schnieisser,^  in  1893,  that  the 
fossil  plants  in  the  Transvaal  coal  measures  correspond  to  those 
of  the  Ecia  Beds  of  the  Cape — a  discovery  amply  confirmed  hy 
the  compreheuaive  work  of  Seward  on  the  South  African  fnsail 
floras,  as  well  an  by  that  of  Zeiller,-  — and  that,  Uiereforo.  the 
breccia,  which  had  been  mentioned  by  Sawyer  and  others  as 
occurring  at  the  base  of  the  coal  formation,  corresponds  to  the 
Dwyka  Onplomerate  of  the  south.*  This  was  an  important 
atratigrapbical  advance,  and  it  gave  a  unity  formerly  lacking 
in  South  African  geology.  Further  confirmation  of 
Schmeisser's  important  correlation  was  made  in  1897 
l)y  Dr.  Molengraaif's  discovery  of  unmistakable  evi- 
dence, in  the  Vryheid  district,  that  tlie  Transvaal  Dwyka 
Conglomerate  is  a  true  ground-moraine,  lying  at  the  base  of  the 
Ecca  ahales. 

Transvaal  geology— except  for  supei-ficial  deposits- -ends 
with  the  Ecca  Series,  which  Mr.  Seward's  determination  of  (he 
Vereeriiging  iind   Cape   plants*    now  enables   iis   to   regard   aa 

'  SctiraeiE^er,  84.  p.  67.  -  Zfiller.  IW. 

'  For  »  conipleie  di.siMiKuion  of  this  im|xirtAnt  oorrflation    see  the  Ann.  Beji. 
QmI.  Corn,  for  18B9,  or  The  Scot.  G«icr.  Mac.,  Vol.  XVII.,  \<.  5T. 
*  Senard,  87,  '88,  89. 


STiUTiGii.irm<:,ii,  Is, \ tsncATios  in  South  A»-kica.     175 

cqaivalent  to  tli*  1»te  Carboniferous  of  other  parts  of  the 
world.  It  is  nbrioiis,  therefore,  thai  the  iiitmnr  of  South 
Afnea  has  been  a  lanil  area  sini-v  the  elose  of  Palaeozoic  liiues. 
The  sarfaee.  as  we  know  it,  is  the  proiiut-t  of  nature's  denuding 
forees  thniu)];hnHt  a  periixl  whose  ileteriuination  in  years  would 
4-nnTey  little  to  the  human  niiud.  No  part  of  the  wor^d  probalily 
shows  better  illustrations  of  the  result  of  Iniig-emitinued  de- 
nudation than  does  South  Afrioa,  which,  if  young  in  civilised 
history,  h  a  ctmnlry  whose  physical  features  are  of  no  mean 
age. 

The  many  interesting  inferences  as  to  the  past  physical 
geography  of  this  region,  to  which  the  knowledire  of  its  strati- 
graphy leads,  is  a  fascinating  problem  which  I  cannot  here  enter 
upon,  but,  with  the  solution  of  the  economic  questions  iuvolveil 
in  straligraphical  research,  its  answer  should  be  the  chief  out- 
come of  our  labours. 

I  hare  in  conclusion  to  apulogise  to  my  fellow  menil>ei:s 
for  the  many  imperfections  of  the  fori'going  sketch,  imperfec- 
tions of  which  no  one  is  more  cognisant  than  mvself,  but  when 
much  of  one's  time  is  spent  in  IraTelUng,  it  is  nut  easy  to 
attain  the  quietude  essential  to  study,  and  so  necessary  for 
i-ompleteness  in  a  reWew  such  as  I  have  tried  to  gi\"P.  There 
is  besides  the  great  difficulty — soon,  however,  thanks  to  the 
Seymour  Memorial  Library,  to  be  removed — of  obtaining  in 
this  town,  or  even  in  South  Africa,  the  necessary  serial  scienti- 
fic literature.  The  dearth  of  journals  and  periodicals  makes 
it  impossible  for  one  writing  here,  to  do  justice  to  all  who  have 
tried  to  uiini%'el  the  interesting  problem  of  South  African 
stratigraphy. 

I  hope,  however,  Ihat  I  have  said  somefhine  to  appeal  to 
the  many  members  of  this  Association  who  find  their  private 
pleasure  in  matters  acientifii-.  It  should  be  stimulating  to  all 
»nch  to  know  (hat  the  men  who  did  the  earliest,  and,  I  may 
rightly  say,  some  of  the  most  valuable  work  in  South  African 
geology,  were  nnf  distinguished  professional  visitors,  bin 
amateurs,  in  the  true  sense  of  the  term.  The  four  early 
workers.  Bain,  Athcrslone,  Sutherland,  and  Slow,  whose  names 
are  familiar  to  all  interested  in  South  African  geology,  had 
to  teach  themselves,  had  in  the  main  to  make  their  own  oppor- 
tunities for  geological  investigation,  and  this  with  little  encour- 
agement from  their  fellow  colonists,  for  Bain  once  wrote  that 
his  chief  joy  in  the  eomparalivcly  rich  reward  which  his  work 
brought  liim  from  bonio.  lay  in  the  fact  that  no  one  could  say 
he  had  wasted  his  time,  or  devoted  to  a  useless  science,  enerffica 
which  should  have  been  employed  in  the  service  of  his  family. 
It  is  no  small  tribute  to  the  private  worker  that  the  ground- 
work of  all  South  African  geology  should  have  been  laid  by 
■one,  that  (he  unhesitating  determination    of   the    mineral    to 
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wliii'ii  SuutL  Africa  owe*  it*  ^utraiic*  iuu»  iLe  w^uld  c»f  induf^ 
trv.  jsijould  Lav^  been  uuiide  by  aninLei.  aud  that  tLe  tme  ex- 
plaiialkm  uf  iLe  ori^riii  of  one  vi  tLe  niosl  puzzling  rocls  in 
tLe  world.  ^Lould  Lave  been  made  bv  a  iLiid. 

« 

It  iiiU«t  be  plain  tv  everyone  tLat  iLe  end  c«f  the  story  is 
btiJJ  i^ai  fjonj  jv4K'Led.  and  tLat  tLeie  i§  woik  in  abundance 
foi  a  J]  oJ  u^  «'Lo  Ijnd  pleat^ure  in  le^din^  **  Nature's  infinite 
U>«/k  of  *ie4-|ie<-y/'  We  may  Lope,  tLeiefore,  tLat,  witb  tie 
<^n<  ouraifem^'nt  of  tLe  S«>utL  African  Asscxiati(»n  for  tbe  Ad- 
vaii<-4>iji«-nt  of  S«-ien<'e,  otLer  Baint  and  Stows  wil]  arise,  whcise 
work  wiiJ  biinir  tLenu.  not  tLe  tw-anty  synipathy  and  financial 
difetr*>»H!i  wbif'L  fell  t-cj  tLe  lot  of  tLe  fiist  Stow,  but  a  full  S4^»utL 
African  mea^uie  of  tLat  generous  je<ij|rnition  wbiob,  from 
iii4'HPhii  tW  »iea-  gladdened  tbe  life  of  Andifw  Geddes  Bain. 
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15— THE  GEOLOGICAL  FEATIBES  OF  THE  DIAMOND 
PIPES    OF    THE    PBETOBIA    DISTBICT. 

By  Hekbkrt  Kyxastox,  B.A.,  F.G.S.,  DrREcroR  of  the 
Tr.%.vsvaal  GKOijOiiiCAL  ScRVEY,  AXD  A.  L.  Hali^  Secoxd 
Field  Geoi/kjist. 

^Plates  VII.  &  VIII.> 

INTRODUCTORY'. 

In  the  following  eoromunication  we  propose  to  give  some 
arrconnt  of  the  geological  features  of  the  Pretoria  District 
rliainonci  pipes,  with  a  general  sketch  of  the  structure  of  the 
surrounding  area.  We  propose  to  describe  only  those  dia- 
mondiferous  pipes  or  vents,  wnere  mining  operations  are  at  pre- 
sent being  carried  on.  We  shall  not  concern  ourselves  with 
mining  matters  or  statistics,  but  shall  treat  the  matter  from  a 
purely  geological  point  of  view. 

The  material  of  the  paper  is  the  result  of  work  done  by 
us  in  the  course  of  our  official  duties  on  the  Geological  Survey 
during  the  latter  part  of  last  year.  We  are  indebted  for  some 
of  our  information  to  the  managers  and  other  officials  of  the 
various  mines  visited,  and  we  would  take  this  opportunitv  of 
thanking  these  gentlemen  for  their  courtesy  and  assistance. 

AREA    AND    SITUATION. 

The  area  occupied  by  the  Diamond  Fields  is  a  somewhat 
difficult  one  to  define,  as  our  present  knowledge  as  to  the 
number  and  distribution  of  the  pipes  can  hardlv  be  said  to  be 
final.  Hut  leaving  future  development  out  of  consideration, 
we  may  say  that  they  consist  of  a  group  of  diamondiferous 
pipes  situated  on  the  elevated  ground  which  forms  the  water- 
shcd  between  the  Pienaars  and  Elands  rivers. 

The  accompanying  map  (see  Fig.  1)  shows  the 
situation  of  this  group  of  pijjes,  and  it  will  be  ob- 
served that  they  are  arranged  roughh'  in  a  line  run- 
ning nearly  due  north  and  south.  The  most  northerly 
and  most  important  of  the  diamond  pipes  is  the 
Premier  pipe,  situated  on  the  farm  Elandsfontein  (85),  about 
7  miles  X.  of  Van  der  Merwe  and  22  miles  from  Pretoria.  A 
short  distance  to  the  west  of  the  Premier  Mine  lie  the  alluvial 
workings  of  the  Pretoria  District  and  Beynespoort  Companies. 
Further  soutli,  on  the  boundary  between  the  farms  Vrvneb 
(74)  and  Hooikopjes  (209),  we  have  the  recently  discovered 
Montrose  pipe,  about  2]  miles  X.E.  of  Van  der  Merwe;  and 
passing  to  the  south  of  the  railway  line  we  find  the  Schuller 
and  Kaalfontein  Mines,  about  2  miles  S.E.  of  Van  der  Merwe, 
and  on  the  boundary  between  the  farms  Rietfontein  (501)  and 
Kaalfontein  (^402).  Quite  recently  another  pipe  has  been  found 
on  the  farm  Zondcrwater  Q7-i),  but  this  we  have  not  yet  been 
able  to  examine. 


GKN'GItAL    KKOLOOICAL    STBULTTHE    OF    THK    DUMOND    FIET.DS. 

Wt'  will  uitw  glaiitro  briefly  at  the  general  geological  struc- 
Inro  lit  llie  urea  in  wliieh  the  diuiiioud  pipes  are  situated. 


The  area  repiesmiled  upon  ihc  accompanying  map 
(see  Fig.  1)  is  uiuiuly  oicupieil  hy  some  of  the 
upt>ermost  (jUBrtxilus,  shalea,  aud  sheets  of  diabase,  of 
Uir  Pretoria  Series.  On  the  eastern  margin  of  the 
map  are  seen  some  small  patehes,  mainly  onnsisting 
of  puiplinih  linil  red  saiidBtuiies,  belonging  to  the  Whter- 
IieiX  foiiiiidiini.  'rhesi'  are  portinns  of  far  niort-  extensive 
niiifws.  cdviTing  ronsiderable  areas  to  the  ninth  anil  eust. 

Ify  the  I'lfliiriii  rti-rien  is  meant  that  formation  whioh  lies 
between  ihe  Dohiniiir  luirl  the  Walorberg  sandstone,  and  whieh 

wiis  iis.*iv I  l)v   ])i.  (i     A.  F.  Molengraaff  to  one  of  the  upper 

rlivi-i'nci  iif  his  Ciipc  System,  or  i-atlier  Transvaal  System,  as 
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he  has  iiioi-e  leceully  pi-opu«ed  to  call  St.*  This  syslcm  com- 
prisea,  in  ascending  order,  the  BUck  Heef,  the  Dolomite,  the 
JPretoria  Series,  and  the  Waterberg;  Sandstoiip.  The  Preloriit 
aeries  is  PB§pntiall.v  a  miarlnite  and  shale  series,  with  niiiuernus 
intrusive  sheets  of  diiibase  imd  other  allied  igneous  roeks.  In 
its  lower  portion,  so  far  at  least  as  the  Pretoria  Dialriet  is 
concerned,  shales  and  slaty  nicka  predominate  over  «jiiartBitP9. 
while  the  upper  beds  aii!  mainly  composed  iif  (iiiart Kites.  The 
series  has  been  well  described  by  Dr.  ilolengraaff  in  hia  Memoir 
on  the  Geology  of  the  Transvaal,  published  by  (iie  Geological 
Society  of  France  in  1901. t  We  shall  confine  ourselves  here 
to  a  brief  description  of  its  chief  churaclers  as  seen  in  the  dia- 
mondiferouB  district. 

In  the  soutb-west  corner  of  the  map  we  have  tlie  main 
quartzite  of  the  Maguliesberg  range,  a  continuation  of  the 
same  quartzite  which  is  sfi  well  seen  immediately  to  the  ncnth 
of  Pretoria  at  Wonderboom  Ptmrt.  llei-e.  however,  the 
quartzites,  instead  of  striking  across  country  in  an  east  and 
west  direction  as  they  do  tn  the  north  of  Pretoria,  have  been 
bent  round  by  earth  movements,  so  that  thev  bare  assumed  a 
general  north-west  and  south-east  trend.  This  change  of  trend 
eoniniences  on  the  east  side  of  Frauspoort,  a  few  miles  In-youd 
the  west  margin  of  the  map,  and  at  Pienyarspoort  pleuly  iif 
evidence  of  movement  may  be  seen,  the  beds  being  considerably 
disturbed  and  traversed  by  small  faults,  causing  repetition  of 
outcrop,  change  of  dip.  etc.  There  is  no  doubt  that  the  mow- 
menta  affeotiuff  the  Pretoria  series  were  accompanied  by  con- 
siderable faulting.  The  actual  lines  of  dislocation,  lioweA-er. 
are  difficult  to  pick  out,  owing  to  the  uniform  character  of  the 
beds  over  considerable  areas,  and  the  frequent  occurrence  of 
superficial  deposits  concealing  the  behaviour  of  the  niiks  l)e- 
neath.  In  the  case,  however,  of  comparotivelv  thin  beds  of 
<]uartzite  cropping  out  in  areas  of  shale,  the  faulting,  of  course, 
is  much  more  easily  detected,  and  beiiutiful  examples  associ- 
ated with  the  movements  above  referred  to  may  be  seen  travers- 
ing the  lower  quartzite  zones  of  the  Pi-etoria  series  to  the  east 
and  south-east  of  Pretoria. 

Hut  to  return  to  the  particular  area  we  are  dealing  with. 
Leaving  the  Magaliesberg  quartzite,  we  pass  in  a  geiienil 
north-easterly  direction  across  a  snccession  of  quartzites  and 
intrusive  sheets  of  diabase,  and  this  is  here  the  principal 
characteristic  of  the  uppermost  portion  of  the  Pretoria  series, 
Beds  of  shale  occasionally  occur,  but  in  this  area  tbey  are  in- 
significant in  comparison  with  the  quart^ites.  We  find  ilarfc 
grey  and  black  shales,  for  instance,  well  exposed  in  the  spruit 

*  See  Ann.  Rep,  Geo).  Rurvev.  S.A,R.,  1898.  |>.  3  (Ent;l>sh  traiiflktton), 
Explnnfttory  Not*  tn  Geol.  Sketcli  Map  of  llip  Transviuil.  IBIB,  pp.  S— 9;  AI«o. 
Mo1etigrtt"ff'«  Address  to  Geo!.  Soc.  Trans,  8.A.  Geol.  8oc,  Tol.  5,  Pt.  4,  p.  7*. 

t  Spe  Q'fllogie  de  la  Repabliqne  Siid-Africaine  du  Tronxvaal,  Bull,  Soc.  Ofiol. 
France,  4'  !«rie.  Tome,  1,  PariB,  1901,  p.  41. 


PitETOKiA  Diamond  Pu'es. 


186 


below  the  ScliuIIei'  and  Eualfoutelii  Diiimouil  Mtnea,  and  again 
ainiilar  shales  niay  bo  seen  a  few  miles  to  the  north  of  the 
Prenui'r  Miii*;,  uii  the  farm  Louwshaken  (09!)).  These  shales 
clnspjy  resemble  (he  more  extensive  argillHceous  deposits  of 
Iciwer  horiKous  in  this  aeries. 

The  i|iiart/ile8  are  mostly  fine-graineil  roeks  of  a  pale 
yellowish,  or  sometimes  white  colour.  A  purplish  tinge  is  often 
noticeable,  eapeci»lly  nver  parts  of  the  area  near  the  northern 
margin  of  the  map.  The  texliue  may  vtuy  i-inisiderably,  some- 
what coarse -grained  sarrharoidul  types  luciisinnally  occurring. 
Thest"  rocks  as  a  rule  show  well-marked  dip-slopes,  and  ripple- 
marked  surfaces  are  a  cliaracleriBtic  f«itui-e.  Handed  r]uartz- 
ites  showing  parullel  laminae,  rich  in  oxide  of  iron,  lire  some- 
times found  not  far  from  the  nnrthMn  slopes  of  the  Magalies- 
berg  range. 

We  will  not  describe  the  Waterherg  rocks,  which  aie  seen 
on  the  east  margin  and  in  the  north-east  corner  of  the  map; 
we  will  merely  point  out  that  these  beds  have  been  shown,  by 
the  recent  work  of  Mr.  K.  T.  ilellor,  further  east,  to  he  lying 
nn conformably  npon  the  Pretoria  series.  In  this  region,  how- 
ever, the  unconformity  cannot  be  clearly  seen,  as  both  series 
show  approximately  (he  same  degree  and  direction  of  dip,  and 
both  consist,  along  the  line  of  junction,  of  somewhat  similar 
types  of  (juartnitc  imd  i|uart»itic  sandstone. 

As  regards  the  igneous  rocks  seen  npon  (he  map.  these  may 
be  daaaed.  with  ci  rtuin  exceptions,  under  the  general  and  con- 
venient term  of  diabase,  though  probably  several  varieties  of 
altered  dolerites  and  diorites  may  be  found  among  them. 
They  form  intrusive  sheets  or  sills  in  the  Pi-ctoria  series. 

A  specially  interesting  point  in  connection  with  one  of 
these  intrusive  sheets  is  the  intimate  asociation,  in  what  is 
apparently  a  single  intrusion,  of  diabase  and  felsile.  This 
sheet  may  be  tolowed  along  a  well-marked  ridge  on  the  farm 
Beynespoort  (520),  till  it  spreads  out  further  east  to  form  the 
group  of  hills  surrounding  the  Premier  pipe.  Thence  it  is  <'0n- 
tinued  through  the  farm  Doornkloof  (4:J1)  to  the  summit  of 
some  high  ground  at  the  south-east  beacon  of  the  same  farm. 
The  sauK'  sheet  has  been  picked  up  iigaiii  further  east  and 
traced  as  far  as  Brnnkhorst  Spruit.  The  lower  portion  of  this 
sheet  is  usually  a  fairly  coarse  iir  medium-Ki-ained  diabase  of 
the  normal  type.  Xow'.  this  diabase  is  fre(|Uently  found  to  he 
overlain  by  a  compact  reddish  or  flesh -col  oui-ed,  and  sometimes 
greenish,  felaite,  and  it  ia  impossible  to  find  any  sharp  line  of 
demarcation  between  the  Iwo  rocks.  The  diabase  becomes 
gradnullv  more  and  more  fine-grained,  and  moi-e  and  nioif  acid, 
owing   to  the  loss  of  its   ferro-magneaian   constituents.        The 


M-r>-BtalIine  granular  structure 
gives  place  to  a  compact  felsitic 
spherulitic  Hggivgatinns.       In  thi 


the  diabase  gi-Hdnally 
atruiture,  with  tieiiuently 
int^mediate   phaie   of  the 
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passage  one  often  finds    a   reddish    rock    resembling    rather    a 
syenite  or  diorite  than  the  more  basic  diabase. 

It  would  appear,  therefore,  that  in  this  intrusion  there 
has  been  niagmatic  differentiation,  which  has  taken  place,  so 
to  speak,  in  a  vertical  manner,  the  more  basic  portion  of  the 
magma  having  concentrated  in  the  lowermost  portion  of  the 
sheet  and  consolidated  as  diabase,  while  the  more  acid  portion 
has  remained  to  constitute  the  felsite  of  the  upper  part. 

THE  FREMIEB  PIPE. 

We  will  now  consider  more  particularly  the  geological 
features  of  the  celebrated  Premier  Diamond  Pipe.  This  pipe 
is  situated  about  T  miles  north  of  Van  der  Merwe,  on  the 
northern  portion  of  the  farm  Elandsfontein  (86).  It  has  an 
elevated  situation,  compared  with  the  general  level  of  the 
surrounding  country,  and  lies  in  a  basin-shaped  hollow,  sur- 
rounded by  ridges  and  kopjes  of  felsite.  At  the  north-west  end 
of  this  hollow  there  is  a  break  in  the  felsite  hills,  through 
which  a  small  stream  finds  exit  to  the  lower  ground,  and  the 
alluvium  associated  with  this  stream  is  worked  for  diamonds, 
by  the  Pretoria  District  and  Beynespoort  Companies. 

At  the  surface  the  pipe  is  an  irregular  oval  in  shape,  the 
longer  diameter  of  which  measures  just  over  half  a  mile.  The 
area  of  diamondiferous  ground  at  the  surface  was  calculated 
by  the  Diamond  Mines  Commission  in  November  last  to  be 
350,000  square  jards  (equal  to  3,280  claims).  The  Premier 
Pipe  is,  therefore,  the  largest  known  diamondiferous  vent  in 
the  world. 

As  already  pointed  out,  it  is  almost  entirely  surrounded  by 
felsitic  rocks,  which  form  the  upper  porticm  of  an  extensive 
intrusive  sheet.  A  small  patch  of  quartzite,  however,  is  seen 
cropping  out  on  the  northern  edge  of  the  pipe.  There  is  no 
reason,  however,  to  suppose  that  the  felsite  has  any  connection 
whatever  with  the  volcanic  forces  to  which  the  pipe  owes  its 
origin.  It  was  undoubtedly  intruded  into  tlie  Pretoria  beds  at 
a  time  far  anterior  to  the  formation  of  the  pipe,  which  has, 
at  a  much  later  date,  been  pierced  through  the  felsite  and  the 
quartzites  which  underlie  it.  Thus,  the  walls  of  the  pipe, 
where  they  are  exposed  in  the  present  open  workings  (No.  1), 
are  composed  of  this  felsite.  At  greater  depths,  however,  the 
walls  would  in  all  probability  be  found  to  he  composed  of  the 
quartzites,  which  the  structure  of  the  surrounding  country 
shows  to  underlie  the  felsite. 

As  regards  the  internal  structure  and  arrangements  of  the 
pipe  a  certain  amount  of  information  may,  of  course,  be  de- 
rived from  the  open  workings  of  the  mine,  and  from  the  bore- 
holes, which  have  been  put  down  by  the  Premier  Company; 
but  naturally,  until  larger  areas  and  greater  depths  of  the  mine 
have  been  opened  out,  our  information  upon  various  points  of 
interest  is  bound  to  remain  somewhat  obscure. 
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BORE-IIOLKS, 

At  the  time  of  nwr  last  visit  to  the  mine,  eight  hure-holea 
fcad  been  put  down  to  tleptha  viuyiiifr  from  JiOO  to  l.ftOl  feet. 
The  gniiiud  passed  throiigii  is  on  the  whole  similar  iu  its  nature 
and  appearance  in  the  vnrioiis  hore-holes,  ond  consists  of  :  — 

1.     Siirfare  soil. 

3,  Iteil   gi-oiiud,    (tften     mixed     wilh     sand,     gruve!,     aud 

boulders. 
;i.     Yellow-  pniuiid. 

4.  nine  ground. 

The  level  of  the  blue  ground  varies  in  different  parts  of 
the  pipe.  In  No.  I  open  workings,  which  are  in  the  south-east 
corner  of  the  pipe,  it  is  seen  within  15  feet  of  the  surface,  but 
generally  snenkiiig  it  is  struck  at  a  depth  nf  about  '(5  to  40 
feet.  Nearly  all  the  bhie  matrix  is  soft  and  weathers  reaclily, 
and  no  bard  hlue.  or  "  liardibank,"  has  been  met  with,  except 
in  bore-hole  Nci.  H,  whieh  in  snmcwhtrre  near  the  centre  of  (iie 
pipe.  The  I'rcmiei'  blue  ground  is  frequenlly  of  a  rather 
greenish  colour,  and  with  the  excepliou  of  the  ubiquitous 
"  carboji  "  (ilnicnile)  does  not  contain  such  a  high  proportion 
of  the  minerals  usually  associated  with  the  diamond,  such  as 
garnet,  serpentine,  chrome-diopside,  mica,  etc.,  as  is  found, 
for  inslance,  in  the  blue  ground  of  the  Schuller  and  Kaalfon- 
tein  pipes;  and  it  may  possibly  be  of  a  slightly  less  basic  com- 
position. The  red  and  yellow  ground  near  the  surface  invari- 
ably show  a  large  perecntage  of  foi-eign  matter  in  the  form  of 
rolled  quartzite  and  other  fragments.  That  there  has  been  a 
certain  amount  of  concentration  at  the  surface  of  the  heavier 
minerals  wouhl  -jeeni  very  probable,  as  may  well  be  the  ease 
in  all  dianLoiidifcrous  deposits  exposed  to  the  action  of  de- 
nuding ageni'ies  -Ihe  lighter  particles  being  the  more  readily 
carried  away  hy  surface  waters. 

On  one  side  at  least  the  walls  of  the  pipe  appear  to  extend 
verticallv  downwards,  namely  on  the  south-west  side,  near  to 
which  a'hnre-hnle  (Xo,  1)  ha'^s  gone  down  for  1,001  feet  in  un- 
interrupted blue  ground — though  this  does  not  exclude  the 
pciBsibility  of  an  outward  bulge  in  the  wall. 

Suinll  banils  of  quartzite  ai-e  sometimes  met  with  in  the 
iKire-hoIes  in  Ihe  solid  blue,  but  these  very  probably  represent, 
portions  detarlicd  from  the  surrounding  walls.  Thus,  in  a 
bore-hole  (No.  N)  put  down  near  the  ecnlre  of  the  pipe,  about 
11  feet  of  ban!  pale  quart/ite  were  passed  through  at  a  depth 
of  about  ;)00  fei't.  This  was  succeeded  by  hard,  dark  greenish- 
blue  ground,  resembling  the  "  Hardibank "  of  the  Schullcr 
Mine.  At  a  depth  of  760  feet  a  fine-grained  black  igneou" 
roek  (resemhlina  a  lamprophyre)  was  met  with,  and  aboul  70 
feet  of  this  iiick  had  been  passed  through  when  news  of  this 
bore-hole  was  to  hand  iu  February  last.  The  roek  may  very 
posfliblv  represent  an  intrusive  mass,  perhaps  a  dyke,  cutting^ 
the  bliie  groun.I. 
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In  this  connection  it  will  be  of  interest  to  refer  to  the 
occurrence  within  the  pipe  of  what  is  termed  '*  floating  reef." 
A  considerable  quantity  of  this  is  met  with  in  No.  1  open 
workings.  It  does  not  appear  to  extend  to  any  depth,  how- 
ever, being  so  far,  on  an  average,  about  20  feet  in  thickness, 
and  the  bulk  of  it  will  probably  be  removed  before  very  long. 
It  consists  of  a  bar  of  hard  purple  quartzite  and  indurated  grit, 
associated  in  places  with  purple  conglomerate  and  breccia.  It 
is  well  exposed  along  the  north  side  of  the  workings.  A  mass 
of  conglomerate  is  also  well  seen  on  the  opposite  side  of  the 
workings  close  to  the  lower  end  of  the  inclined  railway.  These 
rocks  have  evidently  been  much  indurated  by  volcanic  action, 
yet  they  bear  a  very  remarkable  resemblance  to  rocks  belong- 
ing to  the  Waterberg  series,  which,  as  we  have  seen,  succeed 
the  uppermost  Pretoria  quartzites,  and  are  found  in  situ  a  few 
miles  to  the  north  and  east  of  the  pipe.  Moreover,  no  rocks 
of  exactly  this  type  have  been  as  yet  met  with  among  the  Pre- 
toria quartzites.  It  would  not  be  unreasonable,  therefore,  to 
conclude  that  the  Pretoria  beds,  which  at  present  surround 
the  pipe,  were  at  one  time  covered  by  conglomerates  and  sand- 
stones of  Waterberg  age,  and  that  the  masses  of  these  latter 
rocks,  now  found  enclosed  in  the  diamondiferous  ground,  re- 
present portions  which  had  been  broken  away  from  the  sides 
of  the  old  volcanic  crater,  which  stood  over  the  site  of  the 
present  pipe,  and  in  this  way  have  become  buried  in  the  vol- 
canic matter  within  it.  Since  that  time,  the  volcanic  crater 
and  the  surrounding  Waterberg  rocks  have  been  swept  awav 
liy  denudation,  so  that  to-day  we  see  the  pipe  or  vent,  which 
fed  this  ancient  volcano,  surrounded  by  the  underlying  Pretoria 
quartzites  and  intrusive  igneous  rocks. 

A  precisely  similar  instance  to  the  above  was  noticed  not 
so  very  long  ago  in  the  case  of  a  large  volcanic  vent  of  Ter- 
tiarv  age  in  the  island  of  Arran,  off  the  west  coast  of  Scot- 
land.^ Here,  large  masses  of  Rhaetic  and  Liassic  strata,  con- 
taining characteristic  fossils,  and  blocks  of  Cretaceous  rocks, 
were  observed  embedded  in  the  agglomerate  within  the  vent. 
The  mass  of  Rhaetic  rocks  was  several  acres  in  extent.  Similar 
rocks  of  the  same  age  are  now  only  found  in  situ  in  that  dis- 
trict in  the  south  of  Arran,  so  that  the  occurrence  of  the  in- 
<*luded  masses  in  the  vent  not  only  indicates  the  former  much 
wider  spread  of  these  rocks,  but  also  that  they  must  have  fallen 
"down  into  the  vent  from  the  old  crater  walls  in  order  to  have 
•acquired  their  present  position.  Other  instances  have  also 
lieen  observed  in  the  Palaeozoic  strata  in  some  of  the  Scottish 
Carboniferous  vents. 

Apart  from  the  Premier  Mine,  which  at  the  present  time 
•contributes  by  far  the  greater  portion  of  the  Diamond  output 

1  See  Q.J.G.8..  Vol.  LVTI.  (1901),  pp.  226—229.  Messrs.  Peach  and  Gnnn 
••*0n  a  remarkable  vent  of  Tertiary  age  in  the  Island  of  Arran,  enclosino:  Mesozoic 
fossiliferous  rocks." 
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of  the  Colony,  we  fiud  the  follomna  Mines  at  wmk  :  — 

1.  The  Sclmllpr  ilinf  1  „, 

2.  The  KaaUniitcii.  Mine    -^'"^  ?rf)mui  ..cciiia  as  a  true 
a.     The  M.mtrose  Mine         |  P'Pe- 

4.  The   Pretoria  Uistiiet   Mine       j  No     nipe«t     Lave     been 

5.  The  Heynespooit  Mine  j-         foiinil      in      these 

6.  The  Montrose  Allnvinl  Mine     (  workings. 
Though  eoonouiically  eonsiilered.  (Le  above  mines  are  leas 

important  than  the  Premier  Mine,  tliey  are  nevertheless  ex- 
tremely interesting  to  the  geolugist,  as  thev  present  eertain 
features  whitli  throw  some  light  on  the   origin    of   the    Blue 

gl'OUDtl. 

Tlie  Diamnnil-bearing  grnuiid  may  oceiir  either  as  solid 
niik  ill  fihi  in  the  form  of  pipes,  or  else  as  an  alluvial  deposit, 
and  the  classification  of  (lianiond-bearin^  loealities  on  this 
princLpli'  is  iiiilieated  auove;  in  the  following  remarks  we  will 
eunfine  ourselves  to  the  uccurronees  of  pipes  only. 

THE  SCHULLER,  K.\.\I.KO\TKIX,  AND  MONTHOSE  PIPES. 

The  mines  whioh  show  true  pipes  occur  at  n  distance  of  a 
few  miles  to  the  S.K.  and  N.E.  of  Van  der  Merwe  Station, 
some  22  miles  east  of  Pretoria.     (Wee  Fig.  1.) 

The  Schnller  Xo.  I  Mine  has  been  worked  the  longest,  aa 
Diamonds  were  obtainei.  from  this  source  already  before  the 
war. 

Its  nccurrenee  was  briefly  noticed  by  Dr.  Molengraaff  in 
Ills  first  Iteport  as  State  Geologist  under  the  old  Government," 
The  Mine  lies  about  2  miles  S.K.  of  Van  der  Merwe  Station,  on 
a  gentle  slope,  iiver  which  the  lieds  lying  above  the  Magalie^- 
I>erg  (Juartzite  of  (lie  Pretoria  Series  crop  out.  These  sedi- 
mentary rneks  consist  of  whitish  (hickly-bcddetl  quartzite, 
dipping  to  the  north-east  at  tin  average  angle  of  18  deg.  The 
pipe  appears  through  these  beds  in  the  form  of  an  irregular 
oval  at  Ihe  surface,  the  longest  iliameter  of  which  is  240  feet, 
while  the  breadth  is  about  20l)  feet.  Its  contact  with  the 
white  quartzite  is  in  several  places  clearly  visible  and  rather 
sharp.  Thus  al  the  north-ea»t  corner  of  the  pijie  one  can 
notice  a  shallow  pit  about  5  feet  deep,  the  northern  wall  of 
which  represents  the  contact  plane  between  the  blue  ground 
and  the  sedimentary  rucks.  The  latter  consist  of  whitish  to 
grey  iinartaite,  showing  ii  somewhat  smoothened  and  slieken- 
sided  aspect.  Again,  on  the  upposile  south-east  corner,  there 
exists  a  hauling  adit,  the  sides  of  which  attain  a  masinmm 
height  of  abonl  12  feet.  This  adit  rnns  approximately  across 
the  strike  of  the  qnarticite.  and  displays  a  regular  dip  of  from 
16  to  18  degrees,  but  as  one  approaches  the  pipe,  evidence  of 
an  increased  ainnunt  of  joinling  can  be  seen,  until,  within  two 
or  tbii-e  feet   of  the   cpntacl.    the    sedimentary    rocks    appear 

e  Qeolopst  tor  1897.  Johnnni'sbiirf:,  1)^98. 
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much  broken  and  disturbed.  The  boundary  line  between  the 
blue  ground  and  the  quartzlte  is  sharp  enough  to  he  easily 
covered  by  the  hand. 

It  thuM  appears  that  the  blue  ground  occupies  ita  preflont 
position  throuirh  tlie  agency  of  an  eruptive  force,  whieh  has 
broken  through  the  upper  cjuartztte  beda  of  the  Pretoria  aeries, 
resulting  iu  the  formation  of  a  more  or  less  cylindrical  and 
rertical  mass  or  "  pipe." 

The  hard  blue  ground  rontaina  a  number  of  foreign  frag- 
ments, included  in  the  parent  rock  by  the  disruptive  action  of 
the  volcanic  forces  on  the  surrounding  rocka.  These  rork 
fragments  chiefly  include  Quartzito,  Shale,  and  piecea  of 
Igneous  rock,  e.g..  Diabase. 

In  the  Schuller  No.  1  pipe  one  finds  a  thin  covering  of  soft 
yellow  material,  the  so-called  "  Yellow  ground."  This  repre- 
aenta  the  product  of  the  highly-weathered  hard  blue  ground, 
and  forma  a  most  valuable  asset  to  the  miner,  on  account  of 
its  being  very  easily  broken  up  and  washed.  Indeed,  the  fresh 
blue  ground  of  this  mine,  containing  much  of  the  so-called 
"  Uardibank  "  of  the  Kimberley  type,  was  soon  found  to  be 
unmanageable,  and  quite  intractable  to  the  ordinary  method 
of  weathering.  For  this  reason  the  pipe  Jin.  1  is  now  no 
longer  worked,  a  result  which  is  not  due,  therefore,  to  the 
absence  of  diamond -hearing  ground,  but  to  the  hardness  of  the 
blue  ground,  the  continued  treatment  of  which  would  unduly 
raise  the  working  costs.  As  a  matter  of  fact,  one  borehole  in 
the  mine  baa  traversed  nearly  IJOO  feet  of  mine  ground  with- 
out any  sign  of  a  termination  having  been  reached. 

.Some  time  after  the  discovery  of  No.  1  pipe,  a  second 
occurrence  of  blue  ground  was  found  some  500  yards  S,E.  of 
No.  1.  This  turned  out  to  be  another  pipe,  parlly  situated  on 
the  farm  Rietfonteiu— such  portion  belonging  to  the  Schuller 
Company  and  known  as  No.  2 — partly  on  the  iiil.joining  farm, 
Eaalfontein,  such  portion  being  owned  by  the  Kaalfontein 
Company.  An  examination  of  thin  pipe  sliows  a  mode  of 
occurrence  analogous  to  the  one  already  described.  Here 
again,  the  pipe  shows  an  oval  form  at  the  surface,  some  400 
feet  in  greatest  length  and  of  a  maximum  width  of  290  feet. 
Of  this  ground  the  Schuller  Company  own  some  ^00  feet  of 
the  eastern  portion.  On  the  surface  there  is  a  layer  of  about 
26  feet  of  yellow  ground,  underneath  which  comes  hard  blue 
ground;  one  bore-hole,  sunk  into  this  pipe,  proved  the  blue 
ground  to  a  depth  of  560  feet.  The  wall  of  this  pipe  is  like 
that  of  the  Schuller  No.  1,  well  marked  off  from  the  quartaite 
Burroundrng  it,  hut  im  the  Kaalfontein  side  it  is  not  vertical, 
but  baa  an  outward  slope  or  bulge;  sometimes  the  contact 
plane  is  smooth  and  slickeusided,  sometimes  a  distinct  upward 
trend  of  the  strata  can  be  aeen^ — especially  on  (be  walls  of  an 
inclined  shaft  sunk  into  the  blue  ground  from  the  surface  on 
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the  western  edge.  The  character  and  arrangement  of  the 
quartzites  is  similar  to  that  already  alluded  to  in  connection 
with  the  previous  mine.     (See  Fig.  2.) 
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Fig.  2.    Vertical  Section  through  Kaalfontein  P\\*e. 

Thus  in  both  the  Schuller  and  Kaalfontein  Mines  the  pipe 
matter  apparently  breaks  through  the  quartzites  owing  to  a 
disruptive  force  from  below,  the  effects  of  which  on  the  sedi- 
mentary strata  are  seen  in  its  disturbed  character  and  in  the 
upward  curvature  of  the  bedding  planes  near  tlie  contact,  and 
in  the  large  number  of  included  fragments. 

Another  diamond-bearing  pipe  has  l>een  found  a  few 
months  ago  by  the  Montrose  Company.  Nearly  the  whole  of 
this  rather  small  pipe  lies  on  their  farm  Yryneb,  but  a  small 
portion  of  it  at  the  N.W.  end  extends  into  the  adjoining  farm, 
Rooi  Koppies.  The  ground  is  hardly  yet  opened  up  suffi- 
ciently to  enable  one  to  say  what  is  the  exact  extent  of  the 
pipe  or  what  are  its  relations  to  the  country  rock.  It  seems, 
however,  that  the  latter  is  largely  m^de  up  of  an  intrusive 
igneous  rock,  resembling  diabase.  To  the  north  of  the  pipe, 
this  diabase  apparently  passes  into  a  reddish,  more  fine-grained 
rock,  which  may  provisionally  be  termed  felsite.  On  the  south 
very  little  rock  in  situ  occurs,  only  a  rich  red  soil  being  seen. 
In  a  few  prospecting  pits  lying  here,  rather  thin  bedded  red 
shales,  presumably  of  the  Pretoria  Series,  can  be  seen,  overlain 
by  a  thick  deposit  of  red  soil  carrying  some  diabase  boulders. 
As  the  work  of  opening  out  the  Mine  proceeds,  no  doubt  more 
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definite  indications  will  be  found,  which  may  throw  some  light 
on  the  behaviour  of  this  pipe,  which  appears  to  differ  in  some 
respects  from  those  above  described. 

NATURE  OF  THE  BLUE  GROUND. 

For  a  study  of  the  nature  of  the  Diamond-bearing  rock 
the  pipes  of  the  Schuller  and  Kaalfontein  Mines  form  excellent 
opportunities.  The  blue  ground  occurs  as  a  dark  bluish  to 
green  rock,  which  breaks  fairly  easily  under  the  hammer,  and 
has  a  somewhat  speckled  appearance  owing  to  the  frequent 
presence  of  whitish  foreign  fragments.  Here  and  there  one 
meets  with  portions  much  harder  than  the  rest,  and  the  term 
**  Hardibank  "  has  been  applied  to  this  variety.  Occasionally 
there  is  a  tendency  to  assume  a  spheriodal  form,  such  spheroids 
being  identical  in  composition  with  the  main  mass,  and  attain- 
ing a  size  of  two  or  more  inches  in  diameter.  It  seems 
probable  that  they  are  merely  a  peculiar  result  of  weathering. 
The  rock  is  rather  light;  the  specific  gravity  taken  from 
three  samples  gave  the  following  results:  — 

2.79n 

2.748  VMean  2.757 
2.733) 
To  ensure  reliable  values  rather  large  pieces  were  chosen 
for  determination,  such  pieces  also  containing  fragments  of 
foreign  inclusions.  It  will  be  noticed  that  the  values  found 
are  somewhat  low  for  an  igneous  rock  rich  in  iron  ores  and 
ferro-magnesian  silicates,  such  as  the  blue  ground  represents. 
It  must  be  borne  in  mind,  however,  that  the  admixture  of 
foreign  fragments  of  smaller  specific  gravity,  together  with  the 
metasomatic  changes  resulting  in  the  production  of  hydrated 
minerals,  would  both  tend  to  lower  the  specific  gravity,  whicli 
indeed  agrees  pretty  closely  with  that  usually  met  with  in  a 
highly  serpentinised  peridotite.  Thus  the  Kimberley  blue  has 
an  average  sp.  gr.  2.734.  The  mean  value  for  13  typical  peri- 
dotites  (e.g.,  Aniphibol  peridotite,  Diorit^,  Harzbur^ite,  etc.)* 
works  out  to  3.180,  but  where  such  rocks  are  highly  serpen- 
tinised, the  values  haA'e  been  found  to  drop  to  2.710.  It 
appears,  therefore,  that  the  somewhat  low  value  for  the  blue 
ground  is  largely  due  to  the  large  development  of  secondary 
serpentine. 

In  the  rather  compact  green  matrix  of  the  blue  ground  the 
following  minerals  can  be  detected  with  the  naked  eye :  — 
Serpentine. 

Taalite  (a  Magnesian  Mica). 
Garnet. 
Ilmenite. 
Chrome  diopside. 

Hypersthene,  Calcite,  and  foreign  fragments. 
Of  these  the  first  mineral  is  by  far  the  commonest :  in  fact,  it 

*  Rosenbnsch,  Eleraente  der  Qesteinslehre,  Stuttgart,  1901. 
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constitutes  the  bulk  of  the  matrix.  Another  ver>-  frequent 
mineral  is  Ilmenite  (known  to  the  miner  as  "^  carbon  **),  charac- 
terised by  its  high  lustre  and  somewhat  carbonaceous  appear- 
ance. The  dark  brown  mica  is  of  a  magnesia  variety,  to  which 
the  name  Yaalite  has  been  given.  Chrome  diopside  and  garnet 
are  only  sparingly  present — the  former  showing  up  well 
through  its  bright  green  colour,  accompanied  by  good  cleavage. 

Eight  sections  were  cut  from  separate  samples  of  the 
hardibank  of  the  Schuller  Xo.  1  pipe.  A  microscopic  examina- 
tion of  these  shows  us  a  rock  which  must  at  one  time  have  been 
very  largely  made  up  of  Olivine,  of  which  some  unaltered 
traces  are  still  to  be  occasionally  seen.  The  matrix  shows  ex- 
cellent mesh-structure  with  concomitant  deposition  of  iron-ore 
along  the  irregular  cracks  of  the  parent  mineral,  olivine.  A 
noteworthy  point  is  the  occasional  extensive  presence  of  rather 
fresh  calcite.  A  close  examination  of  the  included  fragments 
affords  some  indication  as  to  their  original  nature,  which  re- 
sembles sometimes  that  of  a  diabase.  The  fact  that  Augite  is  ^ 
practically  confined  to  the  included  fragments  is  interesting  in 
this  connection. 

The  following  table  shows  the  composition  of  the  blue 
ground  as  revealed  bj^  a  microscopic  study.  A  small  circle  in- 
dicates the  presence  of  the  particular  mineral  in  the  matrix, 
a  small  cross  indicates  its  presence  as  a  constituent  of  some 
foreign  fragments  :  -  - 

Mineral       15a.     15b.     15c.     15d.     190.     191.     192.     193. 
Serpentine  oooooooo 

Olivine  x         x         o  o 

Bastite  o         o  o         o 

Ilmenite  oooooooo 

Yaalite  o  o  o  o  o 

Garnet  o         o  o         o 

Au^te  XX  XX 

Hypersthene  x 

Apatite  X  X 

Calcite  x         x         x  x         o         x 

Among  the  included  fragments  are  found  chiefly — 
Quartzite, 
Diabase, 
Shale, 
together  with  some  otliers  of  doubtful   nature.        They  vary 
much  in  size,  pieces  up  to  3  inches  in  length  are  not  uncom- 
mon, but  usually  they  are  smaller,  and  generally  rather  angu- 
lar.    A  noteworthy  feature    is  the    occasional    occurrence    of 
calcite,  apparently  very  fresh.     The  general   mode  of  occur- 
rence of  these  inclusions  leaves  little  doubt  that  they  are  due 
to  the  breaking  through  of  the    diamondiferous    rock,    which 
caught  up  fragments  of  sedimentary  and  igneous  rocks  in  its 
passage  upwards. 
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A  chemical  analysis  of  the  Blue  ground  in  the  SchuUer 
No.  1  Mine  gs^;^  the  result  shown  in  the  following  table  under 
I.  For  comparison  the  chemical  composition  of  Kimberley 
Blue  is  given  under  II.,  and  that  of  tne  type  occurrence  of 
Ilarzburgite  under  III. 

I.  II.  III. 


SiO, 

33.84 

.33.00 

35.67 

TiO, 

.434 

AlA 

f^  ' 

6.16 

12.00 

2.98 

CA 

.04 

.87 

Fc,0, 

27.40 

6.04 

Fc,0, 

.19 

FeO 

4.95 

MgO 

21.62 

32.38 

35.03 

CaO 

9.60 

.18 

Na,0 
K,0 

)■ 

.20 

.67 

.77 

CO, 



7.05 

PA 

.03 

H,0  1 

^»yg> 

•oscopic 

1.23 

H,0, 

&c. 

ignition 

9.33 

6.00 

12.04 

100.444 

100.70 

99.93 

Sp.  Gr, 

,     2.757 

2.734 

2.71 

I.  Blue  Ground  Schuller  No.  1.     Analysis  by  C.  Gardthausen. 

II.  Kimberley  Blue.      Rosenbusch.      Elemente  der  Gesteins- 

lehre  Stuttgart  1901.     2nd  Edition,  p.  169. 

III.  Harzburgite    serpentinised.       Badauberg    nr    Harzburg. 

Dto. 

A  comparison  of  these  results  shows  a  strong  general 
similarity  of  the  chemical  natures  of  the  3  rocks.  A  notable 
feature  of  difference  is  the  absence  of  lime  in  the  Schuller 
type.  There  is  no  doubt,  however,  of  the  frequent  presence  of 
Calcite  in  the  rock,  but  a  reference  to  the  mineralogical  com- 
position as  revealed  by  microscopic  study  shows  that  the 
mineral  in  question  was  in  all  cases  except  one  present  in  a 
foreign  fragment  only.  The  sample  chosen  for  analysis  thus 
liappened  to  be  free  from  calcareous  inclusions.  The  amount 
of  iron  is  also  soniewliat  high,  and  in  the  ferric  iron  has  also 
been  included  ferrous,  but  it  was  possible  to  estimate  sepa- 
rately the  small  percentage  of  magnetic  iron. 

Apart  from  the  minor  differences,  there  is  a  fairly  close 
analogy  between  the  Blue  Ground  in  question  and  the  other 
rocks  adduced  for  comparison.  All  three  are  marked  by  a  low 
amount  of  silica,  a  very  high  percentage  of  magnesia,  and  a 
rather  low  amount  of  alumina.  In  all  cases  water  is  present  in 
rather  high  amounts,  a  feature  no  doubt  due  to  the  large  pre- 
ponderance of  serpentine,  this  hydrated  silicate  of  magnesia 
being  present  in  all  three  rocks. 
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OENERAL   CONSIDEHATIOUS   AND   CONCLrSlOSS, 

Wh  will  now  brii'fly  rmieliule  witli  a  few  ffeiipral  remarks. 
It  might  perliBps  be  aakeil — Why  should  thpae  diamond  pipes 
occur  in  the  particular  area  whcru  they  happen  to  be  found? 
Is  there  any  geological  reason  why  they  shonhl  occur  there 
rather  than  in  any  other  locality,  or  is  their  occurrence  purely 
accidental  ?  Now,  as  we  have  already  pointed  out,  the  whole 
of  the  Pretoria  series  in  this  area  has  been  considerably  affected 
by  certain  crust  movements,  the  effect  of  which  has  been  to 
bend  the  strata  round  in  a  south-easterly  direction.  This 
movement  has  been  accompanied  by  oblique  dislocations  of  the 
strata,  which  have  naturally  been  greatest  about  the  point 
where  this  bending  back  of  the  sedimentary  series  has  taken 
place.  And  this  change  of  strike,  as  we  have  already  seen, 
commenced  aniKlenly  quite  close  to  our  Diamond  fields. 

Now  the  connection  between  volcanic  vents  and  lines  of 
weakness  in  the  earth's  crust,  caused  hj  earth-movenient  and 
dislocations  of  the  strata,  is  well  established.  There  may  be 
good  reason,  therefore,  for  supposing  that  such  lines  of  weak- 
ness have  been  set  up  in  this  particular  area,  and  that  thus 
these  weak  points  have  been  finally  taken  advantage  of  by  the 
volcanic  forces  which  were  eventually  the  direct  cause  of  the 
production  of  the  diamond-pipes.  "V^e  are  much  more  likely, 
then,  to  find  diamondiferous  vents  and  volcanic  phenomena  of 
all  kinds  in  areas  of  disturbance  and  crust -movement,  rather 
than  in  those  areas  which  have  undergone  no  particular  move- 
ments at  all. 

As  regards  the  age  of  the  Diamond  pipes,  they  no  doubt 
all  Ixdong  to  the  same  geological  period,  and  they  are  evi- 
dently younger  than  the  Pretoria  Series,  into  which  they  have 
been  intruded.  In  the  case  of  the  Premier  pipe,  the  masses  of 
included  Waterbcrg  rocks  show  that  this  pipe  is  of  later  date 
than  the  Waterberg  period,  hut  beyond  this  we  have  no  direct 
evidence  to  guide  us  any  further.  If,  however,  we  may  corre- 
late the  Transvaal  pipes  with  those  of  Kimberley,  then  we  have 
some  further  evidence  to  go  upon  as  regards  their  age,  these 
latter  having  been  intruded  into  shales  of  Karroo  age. 

Finally,  aa  regards  the  blue  ground,  we  have  shown  that  it 
is  a  volcanic  rock  closely  resembling  a  highly  serpentinised 
peridotite-breecia,  recalling  in  some  respects  the  characters  of 
Kimberley  blue,  and  containing  fragments  of  other  rocks,  both 
igneous  and  sedimentary,  derived  from  the  breaking  up  of  the 
strata,  through  which  the  blue  ground  has  forced  a  passage. 

The  study  of  these  diamond  pipes  is  of  intense  interest 
from  many  points  of  view,  but,  like  the  Premier  Mine,  it  is 
only  as  yet  in  its  infancy,  and  we  do  not  profess  to  have 
treated  the  matter  here  otherwise  than  in  a  very  superficial 
manner.  We  hope,  however,  that  further  observations  and  the 
discovery  of  a  few  more  Premier  Mines  will  give  us  the  oppor- 
tunity of  making  some  further  communication  on  the 
siihjecl. 
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explanation  of  plates. 

Microphot  by  A.  L.  H. 

Plate  VIL 

Fig.  1.— Section  of  Blue  Ground  from  the  Schuller  No.  1  i)ipe,  magnified  16 
diameters  (slide  193).  The  iisure  shows  the  general  clastic  character  of 
the  rock.  The  matrix  is  made  up  of  secondary  serpentine  and  iron  ore. 
The  larire  light  individuals  are  bastite.  The  large  dark  oval  shaped 
crystal,  nearer  the  edge  is  ilmenite  with  a  central  fragment  of  olivinie. 

Fio.  2.— Section  of  Blue  Qround  from  the  Schuller  No.  1  pipe,  magnified  15 
diameters  (slide  191).  In  the  matrix  of  seipentine  are  seen  large  light 
bastite  pseudomorphs  and  a  fragment  of  much  twisted  vaalite  (biotite). 
Across  the  section  is  seen  the  edge  of  a  foreign  inclusion  of  (dark) 
diabase. 

Plate  VIII. 

Fig.  1.— Section  of  Blue  Ground  from  the  Schuller  No.  1  pipe,  magnified  25 
diameters  (slide  190).  The  slide  shows  the  matrix  of  secondary  serpentine 
accompanied  by  deposition  of  grains  of  iron  oi-e  arranged  along  the  edges 
of  the  crvstals.  On  one  side  is  an  opaque  foreign  fragment  enclosing 
some  of  the  matrix. 

Fig.  2.— Same  as  Fig.  1,  magnified  15  diameters.  The  main  portion  of  this  figuro 
shows  a  dark  inclusion  of  diabase,  the  remainder  being  made  up  of 
serpentine  matrix.  Near  the  centre  of  the  dividing  fine  traces  of 
idiomorphic  cloudy  plagioclase  can  be  seen,  while  near  the  outer  edge  of 
the  diabase  occur  large  individuals  of  augite. 


14._ST0NE  IMPLEMENTS  FROM  THE  FARM  ELANDS- 
FONTEIN,    NO.    235,    NEAR    JOHANNESBURG; 

WITH    A    LIST    OF    PAPERS    RELATING    TO    THE 
ANTHROPOLOGY  OF  PREHISTORIC  SOUTH  AFRICA. 

By  J.  P.  Johnson. 

In  the  latter  part  of  1903,  I  recorded,  in  a  paper  read  be- 
fore the  Geological  Society  of  South  Africa,  some  discoveries 
of  stone  implements,  which  I  had  made  in  the  neighbourhood 
of  Johannesburg.^ 

They  comprised — 

(1)  A  group  presenting  the  complete  facies  of  the  Eolithic 

implements  of  Southern  Britain; 

(2)  Another  group,  equally  identical  with  the  true  Palaeo- 

lithic implements; 

(3)  A  series  of  minute  and  neatly  made  implements,  com- 
parable to  the  pigmy  flint  implements,  which  charac- 
terise the  Neolithic  period  of  Europe  and  elsewhere. 

The  types  of  Eolithic  and  Palaeolithic  implements  particu- 
larly referred  to  in  that  paper  were  illustrated  by  drawings, 
which  I  had  made  on  a  previous  occasion,  of  European  speci- 
mens in  my  collection ;  but  I  liad  not  time  then  to  make  draw- 
ings of  the  pigmy  implements. 

The  object  of  the  present  note  is  to  fill  this  gap,  for,  as  all 
students  of  anthropology  know,  it  is  impossible  to  give  a  satis- 
factory idea  of  any  stone  implement  by  description  alone,  and 
figures  are  all  the  more  necessary  in  this  case,  because  these 
small  implements  do  not  appear  to  have  been  previously  re- 
corded from  vSoutli  Africa. 

On  Fig.  1,  p.  200,  are  shown  19  of  these  minute  implements 
(which  come  from  the  farm  Elandsfontein  No.  235),  and  four 
similar  implements  of  nearly  ordinary  dimensions,  all  drawn 
to  the  actual  size.  I  have  included  the  comparatively  large 
specimens,  which  are  good  representatives  of  the  common 
scraper,  for  comparison  with  the  small  ones,  which  I  now  think 
are  also  scrapers.  The  delicacy  of  workmanship  displayed  by 
these  examples  is  all  the  more  remarkable,  when  it  is  remem- 
bered that  a  large  proportion  of  them  are  mac^e  from  such  re- 
fractory materials  as  greenstone  and  quart/:  further  research 
having  shown  the  chert  specimens  to  be  in  the  minority. 
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EXPLANATION  OF  FIG.   1,  PAGE  200. 

Twenty-tliree  stone  Implements,  drawn  actual  size,  from 
Klandsfontein,  235.  Nos.  1,  2.  4,  10  and  13  are  of  greenstone: 
Nos.  12  and  16-23  of  quartz;  the  rest  of  chert. 
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Stone  Implements  from  Elandafontein,  Mo.  235.  near  Johannesburg. 

J.  P  Johnson. 
Fig.  1. 
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INTRODI'CTION. 

The  subjeet  I  have  the  honour  to  present  to  jou  has  occu- 
pied the  attention  of  the  branch  of  science  which  I  have  repre- 
sented for  (jver  two  years.  Farmers,  more  especially  those  who 
are  engaged  in  the  breeding  of  cattle,  and  who  from  an  eco- 
nomtoal  point  of  view  are  principally  concerned,  should  natur- 
ally be  particularly  interested.  But  as  a  rale  they  only  begin 
to  be  on  the  alert  when  the  disease  has  touched  their  pockets. 

It  is.  indeed,  of  supreme  importance  for  the  future  of  the 
agricultural  industry  that  this  great  problem  should  receive 
the  careful  and  enlightened  attention  of  all  who  have  the  wel- 
fare of  South  Africa  at  heart.  In  the  first  place  I  should  he 
wanting  in  my  duty  were  I  not  to  state  clearly  that  a  favour- 
able prognosis  does  not  at  present  seem  possible,  so  far,  at 
least,  as  cattle-breeding  is  concerned. 

For  the  past  two  years  our  Department  has  tried  to  educate 
the  farming  population  to  the  menace  which  is  daily  threaten- 
ing to  riiiu  this  industry.  Xiitwithatanding  the  continued 
proof  of  the  correctness  of  our  forecast,  our  experience  is  that 
we  have  only  succeeded  in  convincing  a  very  small  portion  of 
the  people,  even  of  those  who  are  chiefly  concerned.  The 
fAUse  of  this  indolence  and  distrust  is  an  ignorant  unbelief  in 
science  generally,  and  in  particular  in  that  branch  which  my 
Department  represents. 

But  the  disease  has  not  only  a  general  economic  iiitevesl. 
which  in  the  future  will  probably  occupy  South  African  legisla- 
tors more  than  any  other  stock  epidemic,  hut  it  also  offers  a 
great  attraction  from  a  scientific  point  of  view,  inasmuch  as 
I'paeareh  has  revealed  several  devintiniis  from  the  coiuniioi  type 
rhurscterising  the  class  of  disease  under  which  it  Ims  Ijcen 
grouped. 

JtOMESn-VTrRE. 

The  disease  was  originally  called  llhodesian  Kedwater,  and 
by  this  name  it  was  designated  in  the  first  government  notice 
prohibiting  the  tmportatiou  of  cattle  from  Rhodesia;  the  name 
is  in  every  respect  inadequate.  An  improvement  in  the  nomen- 
clature was  the  wordit  Bhodesiun  Tick  Fever;  a  still  better 
name  is  East  Coast  Fever.  But  since  the  disease  is  not  limited 
Ui  Eastern  Africa,  but  has  recently  been  traced  to  Asia 
Minor,  in  the  Transcaucasian  country,  the  name  Tropical  Piro- 
plasmosis,  which  is  used  by  the  Busaian  investigators,  is  scien- 
tifically the  most  correct. 

tiKOtin.M'iriCAL   DISTRIBUTION    ASB    HI.STORl.". 

Tropical  Piroplasmosis  was  first  seen  in  German  Kast 
Africa  by  Professor  Koch  in  the  year  1S97.  He  then  described 
the  tj-pical  micro-organism  found  in  this  disease,  but  he  con- 
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sidered  them  at  tliat  time  to  be  young  fonus  in  the  development 
fif  I'irophmnii  bigeininuin,  the  cause  of  Texas  fever,  and  accord- 
iHffly  designated  the  disease  by  that  name.  It  was  in  the  year 
1901  that  the  new  disease  began  to  iittruct  attention,  south  of 
'iLTMian  Ifiritories.  It  had  broken  out  in  a  cargo  of  cattle  in- 
tended for  the  re-atocking  of  Rhodesia,  whir-h  had  arrived  from 
New  South  Wales. 

They  were  detained  at  Beira  on  account  of  railway  wash- 
awaya  Hnd  other  unavoidable  accidents,  and  while  gracing  on 
th(!  fiats  at  Beira  the  disease  appeared  amongst  them.  It  must 
have  been  previous  to  this  importutiim  that  Beira  became  in- 
fected, inasmuch  as  Ihei-e  were  cattle  graaino'  which  did  nol 
contract  tlie  disease,  and  were  accordingly  immune. 

The  Australian  cattle  which  became  decimated  by  the  dis- 
easL'  were  then  brought  to  Umtali,  in  the  hope  that  the  higher 
veld  might  check  the  mortality. 

That  did,  however,  not  happen,  and  finally  the  whole  herd 
was  carried  off  by  the  malady.  Later,  the  native  cattle  around 
Umtali  began  to  contract  the  same  disease,  and  died.  It  is 
probable  that  the  infection  has  spread  from  there  to  Salisbury 
and  along  the  main  road  to  Bulawayo  and  other  parts  of 
lib  ode  si  a. 

The  Transvaal  was  invaded  as  early  as  May,  1903,  when 
the  disease  was  first  noticed  in  Komatiepoort,  and  about  the 
same  time  in  Sclspruit.  The  new  scourge  had  obtained  a  (rood 
footing  before  the  true  nature  was  recognised,  and  as  Rinder- 
pest was  at  that  lime  still  raging  in  some  parts  of  the  country 
the  eoiifusiou  of  these  two  fatal  diseases  may  be  easily  under- 
stood. 

How  the  disease  came  to  the  Klands  River  Valley  in  the 
first  instance  is  still  a  mystery.  No  connection  can  be  traced 
to  the  outbreaks  in  Rhodesia.  The  only  ])o8Bible  way  for  ita 
importation  was  Uelagoa  Bay.  But  all  evidence  seems  to  in- 
dicate that  Delagoa  Bay  became  infected  at  a  later  date  by 
catlle  from  the  Plast  Coast,  From  Komatiepoort  and  Nelspruit 
the  disease  spread  to  SwaKJelaiid,  the  Kaap  Valley,  and  the 
Lydenburg  District.  The  gi-eatest  portions  of  these  districts 
are  uearl>-  devastated  of  i;attle.  The  disease  was  also  brought 
to  the  high  veld  shortly  after  the  close  of  the  war  by  fanners  re- 
turning from  the  Kla'nds  River  Valley,  but  in  these  instances 
although  the  herds  were  ctuupletely  destroyed  by  the  disease,  the 
infection  does  not  seem  to  have  remained  behind,  and  no  other 
outbreaks  i-an  be  traced  back  to  these  herds.  The  disease  was 
broiighl  into  the  district  of  Pretoria  in  November.  1902,  bv  a 
herd  of  cattle  imported  from  German  East  Africa.  They 
landed  at  Deltigoa  Bav.  where  some  of  them  died.  They  were 
Ih.n  iliivcii  111  Kooiiiliepoort.  where  they  were  trucked  to 
^liMh:id(i.l.,ni.  jiud  triuu  there  again  driven  to  Pretoria  and  sold 
inimciliiitcly  nii  their  arrival.  Rick  cattle  and  also  dead  ones 
.Tc  left  beliind  on  the  road.     The  oxen  were  distributed  over 
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&  lavRt  area,  mostly  in  tlie  region  behind  the  Magaliesberg  and  in 
the  liKsteiibuig  Diatrict.  On  these  farms  the  disease  established 
itself.  Not  only  were  the  majority  of  the  imported  cattle 
already  siek  at  the  date  of  the  sale  and  died  shortly  afterwards, 
but  the  remainder  of  the  cattle,  together  with  those  which  had 
been  previously  on  the  farms,  began  to  die  some  weeks  later  of 
the  9umi>  diseas<-. 

Slime  of  these  cattle  were  brought  to  the  high  veld  and 
died  there:  the\-.  however,  did  not  seem  to  have  left  any  infec- 
tion behind.  This  apparent  reatrictiou  of  infection  due  to  alti- 
tude is  an  iutei-esting  point,  and  well  worthy  of  note.  The  fart 
is  that  during  the  last  two  years  the  disease  has  only  spread  in 
the  low-lying  parts  of  the  Transvaal,  and  that  the  high  veld  is 
praetieally  free  of  it,  although  the  disease  has  at  different  in- 
ten-als  been  bi-oiight  to  the  high  veld.  In  the  course  of  this 
paper  it  will  hi'  shown  how  these  facts  may  be  interpreted. 

MOimiD  COKDITIONS. 

It  was  from  the  very  beginning  observed  that  the  new 
disease  wus  not  contagious  in  the  strict  sense  of  the  word,  inas- 
much as  healthy  cattle  could  mingle  with  diseased  cattle  with- 
out any  danger  for  the  time  being.  It  was  also  soon  noticed 
that  certaiu  localities  liiul  a  particular  influence  on  the  mor- 
tality, and  when  cattle  were  removed  out  of  these  infected  areas 
into  clean  country  the  disease  stopped  completely.  Some 
localities  are,  indeed,  so  badly  infected,  that  within  a  month 
healthy  cattle  exposed  on  them  will  be  completely  wiped  out. 
Xumerous  observations  have  proved  that  the  sooner  cattle  are 
reniox-ed  out  of  an  infected  area  the  less  the  mortality.  This, 
however,  depends  altogether  on  the  degree  of  infection  which 
a  particular  locality  has  undergone. 

When  the  disease  began  to  make  its  appearance  in  the  low 
country  along  the  Delagoa  Bay  line,  and  before  the  danger  was 
anparent,  ox  wagons  from  Lydcnburg  District  used  to  go  to 
Neispruit.  which  wus  probably  the  worst  place,  and  still  is  at 
the  present  moment.  Farmers  went  there  with  healthy  cattle. 
They  returned  seemingly  in  a  healthy  condition,  but  from 
about  seventeen  days  afterwards  the  same  cattle  began  to  sicken 
and  died.  The  transport  rider  who  only  used  native  cattle  soon 
realised  thiit  he  was  dealing  with  something  unfamiliar  to  his 
I'vcry-diiy  experience.  A  transport  rider  who  went  with  bis 
cattle  into  an  infected  locality  where  the  disease  was  raging 
naturally  losi  his  whole  span  ;  and  although  later  experience 
taught  him  that  the  disease,  although  not  contagious,  was 
liable  to  apiwar  several  weeks  later  among  the  cattle  on  the 
particular  farm  where  the  diseased  cattle  had  been  running  ami 
dying;  and  although  he  must  have  recognised  the  abnormal 
symntonis  quite  unusual  in  the  recent  history  of  anv  of  the 
well-known  South  Afriran  diseases;  yet.  notwithstanding  these 
bard  faits.  he  would  not  believe,  nor  does  he  still,  that  he  has 
to  lio  with  a  completely  new  disease. 
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The  first  idea,  which  is  even  now  prevalent,  was  that  the 
imported  cattle  in  which  the  disease  appeared  were  not  accus- 
tomed to  the  climate  of  this  country.  This  is  an  every-day 
<^xperienco,  that  cattle  imported  from  England  or  the  Conti- 
nent, will  die  here  as  soon  as  they  are  exposed  on  pasture. 
Where  the  farmer  failed  to  see  the  difference  was  that 
native  cattle  died  oft*  in  a  manner  unusual  for  a  non-contagious 
disease.  But  as  usual  he  had  his  argument  to  explain  the 
difficulty— an  argument  which  will  go  very  far  with  many  a 
South  African  cattle  breeder,  and  which  certainly  for  several 
diseases  is  based  on  good  observations — viz.,  the  unseasonable 
burning  of  the  grass.  Scientifically  we  are  able  to  explain 
many  of  these  observations,  but  in  this  particular  disease  all 
evidence  was  against  the  popular  explanation.  The  war 
was  made  responsible  for  the  untimely  burning  of 
the  grass.  But  the  Boer  farn^er,  basing  his  argumeutr 
exclusively  on  local  experience,  will  not  believe  that  the 
same  conditions  hold  gooil  for  any  part  of  the  Transvaal  where 
the  dist*ase  has  not  yet  appeared.  Xotwithstanding  the  many 
arguments  brought  forward,  we  have  been  able  to  prove  the 
real  cause  of  the  dissemination  of  the  disease.  Yet  I  regret 
that  the  advant^  which  we  have  made  has  not  been  met  with 
the  8ym^>4ithetic  support  of  those  for  whom  it  has  been  pri- 
marily intended.  Naturally,  all  legislation  against  the  disease, 
which  is  baseil  on  si^ientiiic  observations,  is  scouted. 

rATHOLOGY   OF  THE   DISE.VSE. 

Pn>fes$or  Kix^h  described  the  disease,  as  already  men- 
tiomnl,  in  the  first  instance  as  Texas  fever;  this  is  another 
term  for  our  orvlinary  South  African  Retlwater.  When  the 
Australian  cattle  bt»g;in  to  die  on  the  Beira  flats  it  was  fouu*! 
that  Uedwater  was  the  cause  of  the  mortality.  There  is  no 
doubt  that  the  first  diagno>sis  was  eorr<?ct.  The  East  Coiist  is 
just  as  much  iuftvteil  with  Texas  fever  as  it  is  now  with  Ea<f 
CiVist  fever.  And  Texas  fever,  running  a  shorter  periol  of 
incubation  and  disease,  nec^ssarilv  showeil  itself  first  iu  the 
her\l,  iH>tuinsr  frv>m  a  coiuttrv  where  therv  was  no  such  disease. 
After  the  her\l  w^^s  removed  to  I'mtali  the  mortality  still  ron- 
tinueil,  but  i\ow  the  disease  was  altered  iu  t\~pt^  Mi»ro- para- 
sites in  the  bliHHl  w\>re  found  to  be  present,  the  same  as  Pr«^ 
fess^^r  KiH-h  had  previously  described  as  young  forms  •»!  th-^ 
Texas  fever  ^>amsite.  After  a  lapse  of  s«>me  time  th^*  new 
disease  showt\l  its^^lf  amongst  native  cattle  and  the  •  atiW  •  : 
trans^H>rt  riders,  which  wvr^  considerxnl  to  bt^  immiirif  aguin-i^': 
orvHnary   KtHN^ater. 

The  eaus^*  ot  this  wus  thought  to  be  an  iii'  r»^as^  vir-ilea«  v 
nf  the  iuicr\»-|>arasites.  due  to  their  pas^a^  rhr'^-isirb.  rlie  hisrlilv 
susceptible  Australian  cattle.  In  add:t:»>n  :•-  tliis.  .vr*.t::i 
sympU>ms>  such  as  haeiiu^^lobiiiuria.  not  pr»>perly  uaders:»'<'«i  nt 
tiie  lime,  he^lpeil  to  identify  the  disease  with  the  already  ^xisr- 
iniT  Texas  fever. 
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The  observation  of  its  apreiuling  and  general  beliaviour,  as 
iiltvatiy  pointed  out,  indicated  that  the  cause  must  be  identical 
with  that  of  Texas  fever.  Although  we  now  distinguish  be- 
tween the  two  diseaBes,  the  fact  remains  that  they  belong  to 
ime  and  the  same  group,  which  are  scientifically  termed  piro- 
plaaninsis,  being  due  to  micro-organisms  investing  the  red 
corpuscles  of  the  blond.  There  exists  in  South  Africa  a  similar 
disease  in  horses,  mules,  and  donkeys,  and  also  in  dogs,  whic'i 
is  eommonlj-  called  Biliary-  fever. 

The  micro-organism  is  called  piroplasma. 

The  one  found  in  Texas  fever  was  first  described  under  the 
term  FiniKniuit  bigcmifium,  the  name  given  by  its  discoverers, 
Smith  and  Kilborne,  on  account  of  the  peur-sliaped  form,  two 
twrusites  usually  hanging  together.  These  parasites  are  rather 
oig,  and  wry  often  reach  in  length  the  wiiole  diameter  of  a 
red  corpuscle.  Another  form  of  the  same  parasite  is  the 
sphericle  parasite,  a  i-ound  disc,  which  is  usually  met  with  in 
the  dead  animal.     This  indicates  that  it  is  a  later  form  of  the 

fear-shaped  one.  Wlien  using  the  different  modifications  of 
iomanowsky's  stain,  for  instance,  Ginsa's  Azur  II..  within  the 
parasite,  a  deep  violet-stained  chromatic  body  is  recognised, 
which  represents  the  nucleus  of  the  cell  and  is  called  karyo- 

fiOIUU. 

The  cytoplasma  of  the  parasite  usuall^v  takes  a  bluish  tinge. 
The  karyosoma  lies  always  on  the  margin  of  the  parasite,  in 
the  pear-shaped  form  near  the  big  cur^'e.  The  spherical  form 
has  the  aspect  of  a  ring,  not  unlike  the  ring  forms  described  in 
tropical  malaria  of  men.  The  karyosoma  is  as  a  rule  well 
defined,  but  chromatic  substance  is  sometimes  also  met  with  un- 
connected with  tlie  nneleuB,  and  fretiuently  quite  opposite  if. 
The  piroplasma  must  be  regarded  as  belouging  to  the  protojtoa 
onler,  and  may  be  ranged  in  under  the  haemosporidia,  thus 
showing  a  certain  relationship  to  the  parasites  in  malaria  of 
men  and  birds. 

The  multiplication  of  the  piroplasma  takes  place  in  the 
blotxl,  two  and  more  individuals  liuked  together  indicating  tlie 
division  they  had  undergone;  but  intermediate  forms  are  also 
observed,  where  the  karyosoma  flattens  out,  showing  a  groove 
fnim  which  the  fission  starts.  This  process  of  multiplication 
corresponds  to  the  invasion  of  the  blood  corpuscles  by  the 
Plasmodium  of  malaria,  which  is  called  Schizogeny,  that  is  the 
as«<xuul  phase  in  the  life  cycle  of  the  parasite. 

Tlie  sexual  development  or  Sporogeny  takes  place  in  the 
case  of  plasni'idiumin  thebody  of  a  mostjuito,  and  from  analogy 
we  are  entilled  to  the  hypothesis  that  sporogeny  also  takes  place 
in  the  body  of  the  intermediate  host  of  piroplasma,  that  is,  in 
this  instance,  tlic  tiik.  I  have  dwelt,  with  purpose,  somewhat 
extpnsivelv  on  the  description  of  the  parasite  nf  Texas  fever, 
beeanse  this  is  the  prototype  of  the  genus  piroplasma,  and 
because  it  plays  a  very  important  role,  as  will  he  shown  later. 
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in  ronnection  with  the  disense  under  discussion.  The  piirasito 
of  Kaat  Coast  fever,  at  ont'  time  rnnsidered  to  be  the  youn(f  or 
intermediate  form  in  the  life  cycle  of  the  Piroplaxiim  hitjemi- 
ii-um,  ig  now  regarded  aa  a  special  Bpeciea.  It  is  a  very  small 
piroplasina,  and  differs  also  in  shape.  There  are  two  typos,  the 
spherical  and  the  bacillavy  one.  Tho  Azur  stain  also  brings 
out  the  chromatic  body  and  the  c;vtnplasma.  The  spherical 
forms  then  have  the  aspect  of  a  ring,  smnller  than  the  one 
mentioned  before,  but  varying  in  size  and  shape  cousiderablv. 
They  are  either  very  snial!  and  round;  when  larger,  their 
shane  is  soraetiraes  oval  or  elongated.  These  forms  are  gener- 
ally designated  as  rings.  The  bacillary  form  may  he  compared 
with  a  pin,  which  has  a  large  head,  in  which  the  karyoaonia 
lies;  the  cytoplasms  Js  drawn  out  into  ii  fine  line,  which  is 
either  straight  or  curved.  The  criterion  of  the  Proto/oie 
character  of  these  things  is  the  typical  staining  of  the  nucleus 
by  the  method  of  Romanowsky  or  its  modification. 

PHOPACATION  OF  TUB    PIROPI.A-SMA  IN"   A    SICK    ASIMAI.. 

When  we  examine  the  blood  of  an  ox  infected  with  Coast 
fever  whose  temperature  just  begins  to  rise,  we  see  little  amisa 
during  the  first  few  days.  When,  after  I  he  lapse  of  about 
three  days,  the  typical  parasites  make  their  appearance,  they 
increase  every  day,  and  the  longer  the  animal  lives  the  greater 
the  number  of  the  parasites,  which  may  become  so  frequent 
that  nearly  every  corpuscle  becomes  infested.  An  individual 
corpuscle  may  show  two  or  more  parasites;  sometimes  it  is 
<|uite  full.  Both  forms,  round  and  bacillary  ones,  are  sometimes 
met  with  in  one  and  the  same  cell.  It  is  quite  exceptional 
that  the  animal  dies  with  only  a  limited  number  of  erythroey- 
tical  infection.  I  have  the  record  of  such  a  case,  where  only 
about  10  per  cent,  of  these  cells  were  invaded,  but  more  were 
found  in  the  hliu.d  i.f  diti'erent  organs.  Pure  East  (..'oast  fever 
shows  nnthiiiK  else  hut  the  piroplasma  <jf  the  small  t,vpe;  a 
certain  peiijoiliifre  of  Hie  sick  animals  show  in  their  blood  also 
the  Piropltisiiia  liigciiiiiiuvi,  and  thisfact  was  one  of  llic  reasons 
why  the  disease  was  first  declared  to  be  identical  with  Texas 
iever. 

In  a  series  of  experiments,  which  had  as  their  object  to 
make  sure  that  animals  highly  immunised  against  Texas  fever 
would  succumb  to  the  new  disease,  thus  proving  the  distinct- 
ness of  the  two  diseases,  we  were  struck  tn  find  in  several 
highly  immune  osen  Piroplasvia  bigcminttm.  There  is  only 
one  way  to  explain  this  occurrence  of  Texas  fever  parasites  in 
immune  cattle  suffering  from  East  Coast  fever.  The  fact  is 
that  an  ox  which  has  recovered  from  Texas  fever  still  carries 
the  piroplasma  in  its  blood  in  another  shape.  Wc  can  easily 
prove  this  hy  injecting  blood  of  a  recovered  ox  into  susceptible 
cattle,  in  which  case  typical  i-edwater  will  follow.  In  the  case 
of  East  Coast  fever  mixed  with  Texas  fever  in  an  animal  im- 
mune against  the  latter  disease,  the  immunity  has  ccnsod  lo 
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(•xist,  and  a  rpappoaranoe  of  the  Piroplagma  bioeminum  under 
its  usual  Hspfct  is  the  rpBtilt.  The  same  observations  were  re- 
peatedly iimde  in  cnniiprtion  with  rinderpest  and  other  dis- 
f-asea,  where  prubalily  the  high  tever  and  other  influences  lower 
the  oequircd  iranuinity  und  thus  favonr  the  reiTiideseenre  of 
piroplasma.  In  the  instLinrcs  quoted  thf  Pimphximi  hi/jc- 
miitum  appeared  towards  the  end  of  the  disease,  that  is,  very 
long  after  the  usual  incubation  time  for  Texas  fever.  In  some 
rases,  rare  liowever.  the  big  piroplasDia  is  firat  met  with,  and 
only  later  bacillBry  forms  appear.  These  exceptions  are  met 
with  in  cattle  not  immune  against  redwater,  and  must  be  inter- 
preted as  a  simiiltHnefius  infeetinn  with  both  diseases. 


PIHOPI.ASM.\  OS  THE  UKD  ('onri'SfLES. 

[jected  that  the  invasion  of  sueh  a  number  of 


EFFECT  C 

It  will  hi-      .  _     

red  corpuscles  as  iudtc-ated  above  by  baeiUary  piroplasma  con- 
not  remain  without  some  influence. 

One  would  naturally  expert  a  considerable  decrease  of  red 
Wood  cells  in  the  first  instance,  but  this  is  not  the  case.  Ile- 
vords  carefully  made  every  day  during  the  course  of  the  disease 
revealed  the  renuirkablc  fart  Ihal  the  number  of  erythrocytes 
does  not  suffer  veiv  miidi,  in  some  instances  not  at  all.  N"iir- 
matly  about  six  nulliuns  ni'r  niillioieler  ent>e,  tliev  drop  in  this 
Jiaease  lo  about  four  millions,  rarely  leas,  and  not  always  even 
then,  after  the  Piroiihtsiiui  hii/i-iiiiiiuin  has  made  its*  appearance. 
In  a  pure  infection  with  IJiis  latter  parasite  the  number  of 
■corpuscles  may  drop  to  one  million,  and  even  leas,  thus  cnnsing 
an  acute  anaemia.  The  disease  tluis  naturallv  nnis  a  compara- 
tively short  time,  death  being  due  to  the  lack  of  proper  oxida- 
tion. There  is  certainly  a  breakdown  of  red  corpuscles,  but 
not  sufficiently  sinuig  CTimigh  to  diaeolour  the  serum  of  the 
blood  or  to  produce  haeraoglobinuria.  which  is  a  natural  result 
in  the  case  of  Texas  fever.  We  have  carefullv  (■xaaiincil  many 
leases  which  were  complicated  with  haenioKhdiinnria,  aiid  wc 
have  noticed  that  in  nearly  every  insluuce  when'  tin-  liisiolnta- 
tion  of  the  urine  was  observed,  the  presence  nf  the  hip  piro- 
plasma  could  be  traced.  The  effect  of  the  breaking  down  of  a 
certain  number  of  red  corpuscles  showed  itself  in  the  jaundiced 
eondition  of  the  liver,  and  very  often  of  the  whole  system. 
Tliere  are  typical  lesions  found  in  the  disease,  probably  due  to 
the  unusual  multitude  of  parasites  in  the  different  organs,  and 
probably  due  to  a  toxic  influence  these  parasites  have  on  the 
t  iasue. 

Experimental  research  has  i-esulted  in  the  fact  that  Kast 
f-oast  fever  is  not  communicable  by  inoculation  with  blond 
taken  from  a  sick  ox,  even  thinigh  this  blood  is  swarming  willi 
parasites.  We  have  done  this  experiment  with  over  thirty 
flifferent  animals,  belonging  to  different  breeds  and  of  different 
ages.  The  injections  were  made  in  quantities  of  blood  ranging 
from  6  r.c.  up  to  2  litres,  either  dii'CcMy  under  the  skin,  in  tlie 
jugolar  vein,  or  in  the  peritoneum,       Xot  even  a  febrile  re- 
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nctiiin  could  be  linticeil,  oven  after  several  iujectioiis  of  blood. 
(VrtHinly,  §ome  animals  showed  fever,  but  we  always  could 
trarp  it  to  aouie  cause,  either  to  the  simultaneous  incorpoi-ation 
ijf  the  Pii'iplanma  bi gem  in  urn  or  the  rattle  trj-panosomo,  whkdi 
were  latent  in  the  injected  blood.  In  two  instances  death  re- 
sulted from  inoculation,  but  this  was  due  to  a  simultaneous  in- 
fect iou  with  Heartwater,  as  inoculatiiiu  into  sheep  proved,  jVII 
the  animals  injected  which  were  later  exposed  to  natural  in- 
fe.-tiou  cimtriicted  the  disease  and  died,  thus  indica'ting  that 
the  inoculation  did  not  produce  any  immunity.  This  fact 
stands  alone.  Texas  fever,  the  other  pyrosomical  disease  of 
cattle,  and  piroplasmosis  of  the  dog  behave  quite  differently, 
inasmuch  as  blood  taken  from  sick  or  recovered  animals  will 
under  all  circumstances  produce  the  disease,  when  injected  into 
iu-allhy  susceptible  animals  of  the  respective  species.  It  is 
difiir  lilt  to  explain,  and  certainly  disheartening,  as  the  first  cou- 
ilitioii  for  a  preventive  inoculation,  the  artificial  production  of 
the  disease,  is  wanting. 

Professor  Koch  has  shown  that  the  inoculation  of  sick 
blood,  repeated  at  intervals,  may  he  followed  by  the  appearance 
of  singular  parasites  in  the  injected  animals.  He  found  the 
same  to  be  the  case  with  blood  from  immune  animals,  from 
which  lie  drew  the  conclusion  that  gradually  immunity  will  be 
brought  on.  Admitting  the  correctness  of  this  observation,  I 
iim  induced  1<j  believe,  based  on  mv  own  esperiments.  that  the 
symptoms  are  not  exclusively  limfted  to  the  injection  of  sick 
or  rccfpvered  blood,  taken  from  East  Coasl  fever  cases,  I  will 
revert  to  these  points  further  on  in  this  paper. 

TsrcniATios  ,iXD  cornsE  of  the  dirrase. 

I  have  already  pointed  out  certain  conditions  of  the  ap- 
peuruuce  of  the  disease  amongst  cattle  which  have  been  exposed 
to  natural  infection  and  were  removed  out  of  the  infection. 
Wc  have  seen  that  a  certain  period  elapses  before  the  animala 
show  any  visible  symptoms  of  the  malady.  This  time  includes 
the  incubation  period.  We  have  kept  a  careful  record  of  ani- 
mals exposed,  and  also  of  animals  which  we  infected  at  our 
laboratory  with  ticks,  and  I  found  that  tliis  incubation  time 
averaged  about  twelve  days,  the  shortest  record  was  ten  days, 
and  the  longest  twenty  days.  During  this  time  nothing  is 
amiss  with  the  animal.  Then  suddenly  the  temperature  rise* 
up  to  a  very  high  degree,  reaching  sometimes  107' F.  It  w 
rare  that  the  fever  increases  only  gradually,  rising  every  aub- 
sequent  day  higher  and  higher  until  it  has  reached  its  maxi- 
mum. The  fever  now  keeps  on  for  tiic  next  few  days,  and  not- 
withstanding the  high  temperature  very  rarely  outward  symp- 
tnnia  ui-e  met  with  before  the  last  few  days  till  death.  The 
fever  i>priod  averages  about  thirteen  days.  The  minimum 
period  was  six  days  and  the  maximum  twenty  days. 

TJie  symptoms  during  life  are  not  very  marked,  so  as  to 
be  able  to  diagnose  the  disease  to  be  one  of  East  Const  fever 
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under  all  ciroHinstanpea.  Loss  of  condition  is  almost  tlie  first 
siffu.  Tnwarda  thp  end  loss  of  appetite,  stopping  of  rumination 
ni-e  notieed.  In  addition  to  this  eomea  an  increased  secretion 
of  the  dift'erent  Klxiidit  of  the  head,  showing  itself  in  slij^ht 
]  mining'  of  thi-  eyes,  dropping  of  saliva  from  the  month,  and 
even  discharge  from  the  nose.  In  many  eases  diarrha-a  ia 
present.  The  sum  total  of  these  flyniptoms  forms  a  picture 
similar  to  Einderpest,  with  the  difference  that  the  secretion  is 
not  so  intense  as  in  the  latter  disease.  Some  animals  show 
also  ii  swelling  of  the  lymphatic  glands  of  the  head  and  throat. 
The  animal  miiy  die  suddenly  spized  with  fits,  or  after  a  pro- 
longed coma.  The  nncevtainty  of  the  outward  symptoms  neces- 
sitatps  a  mif:ro8<:opical  diagnosis,  whieh,  as  shown  before,  is 
possible  in  every  rase ;  the  number  of  parasites  being  present  in 
enorninnA  quantities  at  that  particular  period  of  the  disease. 

X.\TrHE  OF  THE  DISEASE. 

The  post-mortem  reveals  some  typical  lesions.  There  is, 
in  many  instances,  an  ledenmlous  cuiidLtion  of  the  lungs.  The 
(eilema  being  so  sIrnnK  tiuil  while  tnani  niiilnides  fnmi  the 
mac,  this  phenomen.ai  i.nd  \\„-  .■,Jl..ti..i,  ,.f  lhe  liquid  in  the 
lungs  resemble  very  greiitly  Ihc  dineuse  cnnuniuily  known  as 
Jiorst?  sickness.  There  may  or  may  not  be  a  collection  of  lic|uid 
in  tbe  pleural  cavity  and  also  in  the  pericardium,  accumulating, 
sometimes,  in  rather  large  quantities.  It  is  due  to  this  symp- 
tom that  the  disease  is  sometimes  mistaken  for  heartwater  in 
ciiUh'.  another  South  African  tick  disease.  There  is  often  u 
licniorrhiigic  inHamniation  of  the  pleura  of  the  lungs  and  of 
the  ribw.  and  very    often    hemorrhagic    infarcts    in  the    lung 

The  liver  is  nearly  in  every  instance  involved  in  a  process 
(if  disintegration.  That  orgiin  is  usually  enlarged  and  changed 
in  colour;  a  jaundiced  stale  is  generally  noticed,  sometimes  only 
hypereuiia,  but  usually  also  a  fatty  degi'neration  is  present. 
The  specific  appearance  is  presented  by  the  so-called  white 
infarcts.  The.y  an'  present  only  in  the  minority  of  cases,  but 
sometimes  are  so  numerous  that  the  liver  has  a  mottled  aspect. 
These  infarcts  are  small  patches  of  local  necrosis.  The  bile  is 
usually  changed  in  colour  and  consistency,  as  may  be  expected 
from  the  condition  "f  the  liver.  This  circumstance  led  to  the 
popular  belief  that  the  ilisease  was  gall-sickness,  which  it  may 
he  remarkeil  is  the  name  commonly  given  by  farmers  to  all 
iliseases  of  the  liver  without  distinction.  The  spleen  is  occa- 
sionally enlarged,  rarely  in  the  cases  of  pure  bacillary  infection, 
but  nearly  always  after  the  Pimplasma  higeviinum  has  made 
its  appearance,  in  which  instance  the  general  aspect  of  ordinary 
rwiwatcr  is  apparent.  The  kidneys  also  show  in  the  majority 
of  instances  typical  lesions  in  the  form  of  infarcts.  These  are 
usually  white,  sometimes  red,  or  mixed  in  colour,  protruding 
slightly  over  the  surface,   and   giving   that    organ    a   mottled 
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A  peculiar  phenomenon  of  this  disease  are  lesions  of  fi^as- 
ti-oenteritis,  sometimes  so  well  pronounced  that  rinderpest  is 
suspected,  the  principal  difference  being  the  absence  of  necrosis 
of  the  Peyer  patches  of  Ehodesian  tick  fever.  In  addition  to 
these  symptoms  comes  the  enlargement  of  nearly  all  lymphatic 
glands,  the  collection  of  serous  liquid  in  the  serous  membranes, 
usually  a  general  ansemia,  and  sometimes  a  jaundiced  condi- 
tion.    The  blood  cells  show  nothing  particular  microscopically. 

SrSCEPTIBILITY   OF   THE    DIFFERENT    BREEDS    OF    CATTLE. 

In  the  introduction  of  this  paper  it  was  stated  that  East 
Coast  fever  was  first  noticed  to  cause  serious  damage  to  im- 
ported cattle.  In  the  Transvaal,  however,  the  fii*st  observers 
found  the  disease  amongst  native  stock  accustomed  to  all  con- 
ditions of  climatic  influence  and  change  of  pasture.  The  im- 
portance of  these  observations  was  not  given  due  place,  and  is 
still  overlooked.  The  cattle  which  sickened  first  in  Komatie- 
poort  were  low  veld  cattle — viz.,  cattle  which  for  the  last  two 
or  thrc^  years  had  been  on  pasture  where  freshly- imported 
sto<*k  from  the  high  veld  do  not  thrive  well.  It  is  quite  true 
that  the  disease  was  carried  to  our  immediate  neighbourhood 
by  imported  cattle,  but  it  was  also  conveyed  by  low  veld  cattle. 
But  before  all  these  facts  were  i-ealised  a  certain  series  of  ex- 
periments were  undertaken  with  the  intention  of  guiding  us  on 
to  some  practical  plan  for  the  importation  of  cattle  for  the 
purpose  of  re-stocking  the  country.  We  exposed  several  lots  of 
cattle  coming  from  many  different  localities.  Cattle  bom  in 
the  Transvaal,  cattle  from  the  redwater  regions  of  the  Cape, 
cattle  from  Madagascar,  cattle  from  Somaliland,  cattle  im- 
ported from  Texas  and  supplied  by  the  Land  Department,  cattle 
from  Queensland,  were  exposed  to  natural  infection,  with  the 
result  that  they  all  succumbed  to  the  disease  within  the  typical 
incubation  time.  (>n  the  sugrgestion  of  Mr.  Stockman,  Princi- 
pal Veterinary  Surgeon  for  the  Transvaal,  who  had  observed 
that  buffaloes  have  much  resistance  to  Texas  fever  in  India,  an 
Indian  buffalo  and  an  Indian  ox  were  expose<l,  with  the  result 
that  they  both  contracted  the  disease  and  dieil.  This  experi- 
ence has  some  significant^  for  us,  inasmuch  as  that  we  may 
expect  that  the  rare  South  African  buffahH^s  will  finally  meet 
with  a  like  fate. 

Rinderpest  ravage<l  the  buffalo  species;  it  can  hardly  be 
hoped  that  the  scattered  remnant  will  survive  a  second  insidious 
decimating  disease. 

Again,  on  the  suggestion  of  Mr.  Stix^kman,  camels  were 
exposed  to  the  strongest  infection  we  could  pi>ssibly  find,  and 
the  experiments  which  have  been  (nmducteil  s*^  far  have  shown 
that  they  do  not  contract  the  disease.  In  the  future  it  may 
become  necessary  that  we  substitute  for  our  oxen,  which  cannot 
live  in  infected  areas,  some  other  animals.  Expt^rience  has 
proved  that  the  camel  is  quite  suitable.  So  far  as  our  observa- 
tions go,  game,  such  as  wild  bucks,  do  not  contract  the  disease. 
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neither  do  horses  nor  asses  nor  their  hybrids;  iii-itbcr  do  sheep 
nor  goats. 

The  disease  is  limited  to  the  bovine  species. 

MORBIDITY    .\SD    MOBT.ALITY. 

Our  experienne  shows  that  in  ii  badly-infecled  ai'ea  no  sus- 
('eptible  antmRl  escapes  the  disease,  and  therefore  we  can  safely 
put  the  morbidity  at  100  per  cent.  It  is  quite  tnie  that  for  a 
fertain  period  some  cattle  may  escape  the  disease  for  some 
reason  or  other,  even  on  a  badly  infected  place,  but  finally  they 
do  contract  the  disease.  We  have  iihserved  that  sonii!  cattk', 
pxposed  to  the  strongest  infection  obtainable,  lived  for  snnje 
months,  whereas  their  mates  exposed  at  the  same*  time  died 
within  the  typical  time.  We  certainly  do  not  go  A-ery  far 
wrong  in  staling  that  all  nitlle  are  susceptible  to  East  ('oast  fever. 

Concerning  mortality,  we  have  the  experience  of  the  above 
mentioned  hit  of  a  thousand  Australian  cattle  which  all  died. 
We  have  in  the  Transvaal  many  ii  sad  case  illustrating  the 
pernicious  nature  of  Kawt  Coast  fever.  It  may  be  tnfcresdng 
III  (|U<itc  llic  iniiilcnl  iit  Kiuuatiepnoi-t,  where,  out  of  five  Imn- 
dred  Afiiciimlcr  inMlc.  imly  twenty-four  siUTived,  equal  to  less 
lliuu  5  per  cent.  This  figure  may  be  accepted  as  the  average 
recovery.  This  percentage  is  equal  to  that  of  rinderpest,  with 
the  essential  difference  that  rinderpest  is  a  eonlagiouB  disease 
which  has  disappeared,  while  East  Coast  fever  is  destined  to 
remain.  The  total  loss  from  this  disease  in  South  Africa  may 
be  estimated  at  over  thirty  thousand  head  of  cattle. 

S.ATIRAI,  PHOP.AG.\TIOK  OF  THE   DISE.\SE. 

East  Coast  fever  being  a  piroplasma  disease,  led  investiga- 
tors to  believe  that  it  must  be  i-anied  by  ticks.  All  evidence 
alxiut  its  originating  and  spreading  pointed  to  tick  infection. 
Mr.  Lonnabnry,  the  Cape  Entomologist,  was  the  first  to  prove 
that  a  certain  species  of  tick  communicated  the  disease.  This 
tick  is  what  is  now  commonlv  called  the  brown  tick  (Uhipirr- 
phalu:t  appcntiivuialus).  Tfie  name  brown  tick  is  derived 
from  the  colour  of  a  male  or  an  nuengorged  female.  This  iw  a 
very  common  tick  in  the  low  veld,  where  it  attacks  all  species 
of  domesticated  animals,  but  preferablv  the  o.\.  The  favourite 
resting  place  of  this  tick  is  inside  the  liairy  margin  of  the  ear, 
where  it  may  sometimes  be  found  in  scores.  It  is  but  rarely 
met  with  on  the  body  of  an  animal.  The  tick  seems  to  prefer 
the  wanner  districts  whore  there  are  bushes  present.  It  i>e- 
ennjes  rarer  on  the  higher  altitudes,  and  is  nol  found  on  the 
high  veld.  The  tick  was  in  the  country  before  the  disease  was 
here.  Coast  fever,  therefore,  found  the  necessary  condition  for 
ita  propagation.  The  life-cycle  of  the  brown  ticks  is  as  Fol- 
lows:— The  engorged  female  drops  off  a  beast,  hides  hernelf, 
and,  after  a  few  davs,  averaging  about  five,  she  begins  to  lay 
*S8"-       This  may  last  many  weeks,  then   the   female's  body 
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gradually  becomes  retracted,  discoloured,  and  she  finally  di'-s. 
She  remains  alive  sometimes  as  long  as  till  tte  time  when  the 
eggs  are  already  Latched.  The  eggs  laid  number  several  thou- 
sands. They  are  e^-Bhaped,  and  of  a  brown  colour.  During 
the  incubation  period,  while  the  young  tick  is  hatching,  the 
shell  of  the  eg^  nndeiigoes  a  transformation  in  its  colour. 
Presently  a  white  spot  is  noticed,  about  the  middle  of  the  egg, 
which  corresponds  to  the  anus  of  the  larva  inside.  The  brown 
f-oloitr  gradually  fades  away  and  becomes  white,  when  the  shell 
breaks,  and  the  freshly-born  larva  creeps  out.     The  hatching 

Seriod  varies  according  to  the  season.  It  averages  about  60 
aj-B ;  in  summer  it  may  be  shorter,  and  in  winter  time  it  ia 
longer. 

The  newly-hatched  lar\'a  has  six  legs.  It  crawls  slowly  at 
the  beginning  on  the  egg  shells.  Its  body,  mouthpiece,  and 
legs  arc  whitish  and  soft.  Gradually  the  colour  changes  into 
brown,  and  the  little  creature  becomes  stronger  and  more  active. 
It  now  creeps  away  from  its  hatching  place,  not  very  far,  how- 
ever, but  climbs  to  the  top  of  grass  and  bushes.  Here  it  awaits 
its  chances  to  find  a  host.  As  a  rule  it  keeps  quiet,  but  becomes 
very  active  when  disturbed,  and  it  may  then  be  seen  to  stretch 
out  its  forelegs  to  catch  the  passing  host. 

It  is  endowed  with  longevity.  Larvse  kept  in  glass  bottles 
will  live  at  feast  three  months,  and  probably  even  longer. 

After  having  found  a  host,  preferably  the  ox,  the  larva 
begins  to  suik  blood,  I  have  mude  in  my  labiiratory  a  series  of 
observations  which  show  that  a  minimum  of  four  days  are  re- 
tired for  the  repletion :  but  somelimes  a  week  and  even  longer. 
!■  engorged  larva  now  drops  and  hides  away  in  the  ground. 
The  colour  of  the  larva  directly  after  sucking  is  dark  blue 
when  pure  blood  is  imbibed.  It  may  be  more  or  less  red  and 
eveu  quite  white  when  the  nutriment  is  derived  from  the  blood 
plasma  or  the  lymph.  When  kept  in  a  glass  bottle  the  en- 
gorged larva  crawls  around  the  first  few  days,  and  then  settles 
down,  to  undergo  the  moulting  process. 

Discoloration  begins  at  the  mouth  part,  which  becomes 
white,  and  fnim  thence  the  whole  Ixidy  is  gradually  involved. 
After  ab<mt  four  weeks,  sooner  in  summer  and  later  in  winter, 
the  skin  is  oast  and  the  new  ci-eature.  with  eight  legs,  the 
nympha.  emei-ges.  It  Is  larger  than  the  original  larva:  and, 
just  as  the  larva  was  after  hatching,  is  colourless.  During  the 
next  few  days  the  brown  colour  appears,  and  the  young  creature 
crawls  about  to  look  for  some  resting  place,  where  it  will  wait 
for  a  host  in  the  same  manner  as  the  larva  did.  The  nympha 
is  likewise  endowed  with  longevity,  and  lives  in  the  glass  bottle 
at  least  three  months,  but  probably  longer  under  natural  condi- 
tions. When  a  host  is  found  the  repletion  of  the  nympha 
begins,  which  usually  lasts  from  four  days  to  a  week.  The  en- 
gorgi-d  n>Tnpha  drops  ngiilu,  hides  awi.y.  uiidcrir.«-a  a  moulting 
prix-esi,  which  in  its  outside  aspect  is  Minilar  to  the  one  in  the- 
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larva,  and  after  a  lapse  of  about  a  month,  aooner  in  summer 
and  Inter  in  winter,  the  adult  tioka  appt-ar,  either  ae  male  or 
female.  Neither  larvse  nor  nymphs^  have  sesual  orgiins.  The 
adult  ticks  which  emerge  from  the  nyraphal  skin  are  almost 
colourless,  but  within  a  very  few  days  the  normal  brown  eolmir 
appears.  The  tick  beeumes  strunger,  and  is  swm  nn  the  look- 
oat  for  a  host.  It  may  be  found  in  the  field  on  the  top  of 
grasses  motionlesg,  hut  us  soon  as  it  is  disturbed  the  front  legs, 
which  serve  as  feelers,  are  moved  about  to  seek  attachment. 

As  already  pointed  out,  the  sexual  adult  ticks  are  princi- 
pally met  with  in  the  ear,  whei-eas  larva  and  nympha  attaidi 
themselves  to  any  part  of  tlie  body.  Thfi  adult  tick  which 
does  not  find  a  host  may  live  for  many  months;  such  ticks  can 
easily  be  kept  in  the  laboratory  for  over  three  months,  but  ns 
soon  as  they  have  been  feeding  once  and  have  left  (he  host  they 
usually  die  within  a  very  few  days.  The  sexes  mate  on  the 
host  after  a  few  days,  and  not  unless  the  male  and  the  female 
have  had  a  good  feed  first. 

The  fertilized  female  engorges  now  rapidly,  and  may 
within  a  day  reach  an  enormous  size.  She  drops  usually  from 
the  fifth  day,  hides  away,  and  begins  laying  eggs.  The  male 
remains  on  the  Iif>8t,  and  may  he  found  there  after  moiitiis. 
The  female  which  does  not  find  a  male  does  not  engorge,  and 
may  then  also  make  a  long  stay  on  the  host.  Thus  the  brown 
tick  has  in  his  life-cycle  to  feed  three  times,  for  which  purpose 
he  really  needs  three  hosts;  accordingly,  the  conditions  for  his 
propagation  are  nut  very  favourable.  The  transmission  of  the 
disease  is  carried  out  by  this  species  of  tick,  not  in  the  manner 
SB  IB  generally  believed,  vix.,  that  a  tick  feeds  on  a  sick  l>eost 
and  then  crawls  over  to  another,  into  which  it  injects  the  poison. 
The  adult  tick  when  once  he  has  found  his  host  does  not  leave 
him,  or  then  only  accidentally  or  when  the  host  dies.  But  ticks 
collected  from  dead  and  sick 'cattle  and  placed  on  healthy  cattle 
have,  in  my  experiments— and  they  were  made  at  least  on  a 
ilozen  animals — failed  to  produce  the  disease.  There  is  only 
one  successful  experiment  carrieil  in  the  way  indicated  on 
record,  that  is  by  Mr.  Lounabury,  with  ticks  taken  from  dea  ! 
cattle  at  Nelspruit. 

We  may  take  it  as  granted  that  once  a  tick  has  bitten  it 
has  discharged  the  infection.  In  Mr.  Lounsbury's  experimeni 
probably  a  tick  was  used  which  had  not  yet  been  feeding.  ll 
was  thought  at  the  beginning  that  the  infection  would  be  taken 
by  tie  adult  female  and  then  be  passed  through  the  egg  into  the 
lar\-a,  as  is  the  case  in  Texas  fever,  but  Mr.  Lounsbury's  ex- 
periments as  well  as  mine  have  failed  in  this  respect. 

Again,  iudging  from  analogy  wilh  biliary  fever  in  dogs, 
where  "the  infection  is  taken  by  an  adult  female,  passed  through 
Iho  egg.  Ihrough  the  lana  and  nympha.  again  into  the  adult 
*i»ge,  and  so  finally  producing  the  disease,  it  was  thought  thiil 
the  ftpxual  tick  was  the  only  one  capable  of  producing  the  dis- 
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eftsu.  But  Biicli  expeiiment§  gave  negative  results.  On  the 
otlior  liHud,  nlJ  experiments  undertaken  wjtli  adtilta  which  had 
bi'eii  feeiling  iiti  nymphEe  on  sick  rattle  succeeded. 

I  huvc  been  iibk-  to  produce  the  iliseHse  in  this  way  in 
i^igbl  diften'nt  osfn.  The  adults,  of  course,  might  have  con- 
tracted tlio  infection  cither  in  tlieir  larvtp  or  in  their  nyinphal 
state.  Theri-fon-  I  look  nvmnhse  which  originated  from  larvte 
thai  had  been  feeding  on  healthy  cattle.  The  mother  tick  also 
cumi-  from  liciillhy  liitllc.  I  placed  them  on  a  sick  ox.  After 
niiii]llln»;  they  pir"iuceil  tlie  disease  hi  four  oxen,  tlius  pi'oviug 
Hull    Nu'   int'ecli'-n   cuii  lie  received   in   the  nymphal  stage  and 

CI tmijriiled   in   llie  jididt  stage.     The  same  observation  was 

made  with  rcgiird  lo  larval  licks  which  originated  from  healthy 
cattle.  They  weit;  fed  on  sick  cattle,  and  after  moulting  thev 
were  placed  as  n>'m))h6e  on  healthy  cattle.  Two  oxen  which 
were  experimented  with  in  this  way  contracted  the  disease  and 
died. 

Thus  Kast  (.'oast  fever  is  transmitted  by  the  nymphje  and 
adults  of  the  bi-nwn  tick.  An  important  factor  to  ascertain  was 
whi'ther  an  infection  which  was  received  by  larva  could  be 
passed  through  nymph*  into  the  adult.  In  other  words, 
whether  a  tick  could  communicate  the  disease  twic*.  Two  ex- 
periments were  made  where  adult  ticks  which  as  njTnphie  had 
piwlueed  the  disease  were  plaeetl  on  cattle,  but  they  failed 
(o  pass  on  the  disease. 

Although  we  hare  to  repeat  these  tests  on  a  larger  scale, 
the  exw'riment  indicates  that  a  tick  communicates  the  disease 
probably  only  once  in  its  life  cycle.  Field  investigations  seem 
to  point  to  this,  inasmuch  as  it  is  an  every -day  experience  that 
only  callle  spread  the  disease,  but  not  horses  or  other  animals, 
although  they  may  carry  the  ticks.  I  have  further  ascertained 
that  it  is  the  tick  which  is  feeding  on  an  aniual  during  the 
time  when  the  pirophisnia  is  in  the  blood  which  carries  the  dis- 
ease, uiul  not  the  tick  which  drops  <luring  the  incubation  time. 
With  n-gard  to  tlie  (juanlily  of  ticks  n>quired.  my  experiments 
show  that  two  ticks  are  (juite  sufficient  to  cause  the  malady  to 
ap)tear  in  the  typical  period.  Probably  one  infected  tick 
mitild  Ik-  able  to  do  the  same.  Therefore  not  many  ticks  are 
rei|uired  to  infect  a  farm.  The  question  whether  otlier  ticks 
will  also  cause  the  disease  is  an  important  point,  since  the  Bine 
tick  {I{hipi,tphal„«  tlrrnlonitut),  the  Red  tick  <Rbii»"-phalus 
Krrrl.u).  and  the  Bonf  leg  tick  (Hunlnmma  Aei/yptium)  an 
«T>'  i-tJiiimon.  and  are  found  in  nearly  e%-ery  part  of  the  coun- 
try! I  have  tested  blue  licks  on  six  different  oxen  with  nega- 
liw  results.  Similar  was  the  experience  of  Mr.  Lounsburj-, 
wlio  also  failed  in  ev«-rv  instance  to  produce  the  disease.  The 
blue  ticks  bebux-e  quite  differently  from  the  br»>wn  t ick.  The  Urr* 
which  has  found  a  host  moults  into  a  UA-mpba,  and  the  nympha 
into  the  adult  on  the  same  host.  Therefore,  the  infeetion 
would  have  to  go  thn.ngh  the  egg,  as  it  does  in  Texas  fewr. 
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This  is  not,  however,  tlie  case  Willi  the  brown  tick,  and  therefore 
much  less  with  the  Uhie  one.  The  red  tick  has  also  proved  to 
be  harmlesH.  Thia  tick  leaves  its  Iiost  as  a  iiympha,  it  moultB 
as  larva  into  a  nvmphu  iu  the  inside  of  Ihe  ear.  I  have  eol- 
lectetisHch  nyiuplite  from  airk  cattle  and  placed  them  on  healthy 
cattle  as  adults,  but  failed  to  (ranamJt  the  (liaease.  The  boiil 
leg  tick  is  most  difUcult  to  rear.  It  is  only  found  as  au  adult 
mi  cattle.  Larvee  will  not  bite,  and  nyniphfc  are  not  yet 
known.     We  may  safely  exclude  this  tick. 

There  is,  however,  anoUier  Mpe<-ie8  (lihipircphalus  fimu.\). 
commonly  called  the  black  pitted  tick.  It  is  ver>-  common  on 
rloga,  sheep,  and  Kcmts  iti  the  low  veld,  and  is  also  met  with 
on  cattle.  Us  life  cycle  currcaponds  exactly  with  the  one  de- 
Bcrilx'd  for  the  brown  tick.  It  may.  therefore,  reasonably  be 
expcclicl  (o  l>e  one  of  the  carriers  of  infection.  An  experi- 
I   liiis  direction  proved  tliat    the    disease    can    be    com- 


cks,  whose  raolbers  were  taken  from 
us.  The  nymphffi  wliicb  resulted 
ox,  which  sickened  in  due  time  and 


nmnicalcd. 

Larval  black  pitted  ti 
dogs,  wen'  fed  on  a  sick 
were  placed  on  u  healthy 
succumbed  to  the  (liseaae. 

This  expeiinieut  ia  conclusive,  because  ibe  disease  could 
onlv  have  been  hunamitted  iu  the  way  indicated.  The  bont 
tiek  iAmlih/iniiiii'i  Hebraeum),  well  known  as  the  carrier  of 
Heart-water  in  callle  and  aheep,  may  alao  be  reasonably  sus- 
pected aa  one  of  the  carriers,  but  proof  is  still  lackJuff.'  An 
important  question  which  awaits  solution  ia  whether  oscn  which 
have  rec'ivered  from  East  Coast  fever  ai'e  also  able  to  spread 
the  disease  by  means  of  tick  infection.  There  ai^e  mauy  analo- 
^es  to  enable  ua  to  accept  sucli  a  supposition.  But  experiments 
are  still  wanting  to  support  this  hypothesis.  It  will  be  seen 
from  these  foregoing  notes  that  the  disease  will  spread  through 
eiich  parts  of  the  country  where  these  carrier  ticks  are  met 
with.  We  are  thus  able  to  forecast  the  different  localities  of 
infection  by  asccrtainiTig  what  species  of  tick  inhabit  these 
places,  r  have  already  pointed  out  that  the  disease  did  not 
Kpread  to  the  higji  veld  this  probably  owing  to  the  fact  that 
ticks  are  not  able  tn  live  there. 

During  an  cxeeptinnally  warm  summer  and  under  specially 
favourable  conditions  a  generation  might  live  and  breed  there. 
But  the  cold  winter  will  doubtless  kill  them.  Even  in  Pretoria 
1  have  great  difficulty  in  breeding  brown  and  black  pitted  tickf 
during  tlie  wtiilei'.  Many  iiftempta  during  that  season  have 
failed,  the  etrga  not  even  halr-hing. 

Wf  arc  certainly  on  the  safe  side  in  saying  that  the  disease 
will  not  sjuead  thioughfuit  Ibe  whole  of  South  Africa,  but  only 
through  such  localities  where  the  particular  disease-carrying 
tieks  arc  fnuml, 

TMMrSITY   ASn   INOCfLATIOX. 

I  have  already  pointed  out  how  small  the  percentage  of 
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recoTery  is  in  East  Coast  fever.  Animals  wLich  Ixatl  gone 
through  the  disease  niaj-  be  nonBidci-ed  as  immimp.  I  Imve  iit 
repeated  intervals  tested  a  number  of  survived  cattle.  Tbey 
were  exposed  to  the  worst  infected  locality,  and  (he  I'eault  was 
that  they  did  not  enntract  the  disease  a  second  time.  This  ex- 
periment was  made  with  ten  oxen,  and  has  lasted 
about  a  year,  and  is  still  in  progress.  The  conclusion  is,  there- 
fore, that  once  immunity  has  been  established  it  is  a  permanent 
one.  Reference  has  already  been  made  in  this  paper  that  the 
disease  has  originated  in  the  East  Coast  of  Afncu,  when-  llic 
disease  has  been  permanent  since  bygone  ages.  A  study  nf  the 
condition  there  will  therefore  throw  some  Irght  on  the  im- 
munity of  cattle  against  this  disease.  Cattle  bnni  and  bred  in 
these  regions  ai-e  immune  against  the  disease,  ("attle  brought 
into  the  area  contract  it  and  die.  It  was  probably  the  law  of 
the  survival  of  the  fittest  that  made  the  coast  cattle  immune, 
and  it  is  probable  that  tlie  progeny  of  the  cuttle  acquireil  some 
immunity  from  their  parents.  This  immunity  became  active, 
that  is  to  say  permanent,  under  the  influence  of  the  constant  ex- 
posure to  natural  infection.  It  must  have  taken  a  long  periwl 
for  East  {'oast  cattle  to  ac(|uire  this  immunity.  Th<>  same 
result  will  finally  he  achieved  here.  But  il  niusl  I»e  borne  in 
mind  that  95  per  cent,  of  the  present  cattle,  living  in  localities 
suitable  for  the  development  nf  the  infection  carrier,  must  first 
die.  and  that  the  rc-stocking  nf  the  cnuntry  with  immune  ani- 
mals must  start  from  the  surviving  it  per  cent. 

In  addition  to  this  the  country  will  probably  remain  In- 
fected for  all  time  to  come,  and  cattle  brought  into  these  parts 
from  without  will  contract  the  disease.  This  is  a  dishearten  ins 
outlook,  and  warrants  the  most  stringent  measures  to  stop  the 
spread  and  to  stamp  out  the  disease.  Now,  as  alrea<ly  men- 
tioned, inoculation  with  any  material  taken  from  a  sick  animal 
and  injected  into  a  healthy  one  fails  to  produce  the  disease. 
This  fact  demonstrates  the  difficulty  of  finding  a  succcsahvl 
inoculation. 

Professor  Knch  has  laboured  to  find  such  ii  method  nf 
inoculation,  and  he  has  already  proposed  a  plan  of  conferring 
immunity.  According  to  his  last  report,  this  immunity  would 
only  he  eumphne  in  about  five  mimths  after  the  animal  hail 
been  inoculated.  During  this  time  the  inoculation  has  to  be 
repeated  at  intervals.  Professor  Koch  recommends  repeated 
inoculation  with  blood  from  animals  which  have  recovered 
from  the  disease.  And  he  has  sliown  that  after  inoculating 
susceptible  animals  with  cither  sick  or  i-ecovei-ed  blood  certain 
forms  of  endoglobular  parasites  appear.  These  organisms  he 
designates  as  ring-forms.  He  draws  his  conclusion  regarding 
immunity  from  the  appearance  of  these  rings,  which  he  con- 
siders identical  with  the  spherical  forms  of  the  piroplasma  in 
East  Coast  fever.  Indeed,  he  has  also  shown  that  such  rinM 
are  found  in  the  blood  of  immune  cattle,  and  he  recommends 
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•neb  bliHxl  for  inoculation.       The  obaervatii 
^ft,     Hut  I  am  able  to  show  that  this 
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apply  to  East  Coast  fpvpr  alone.       We  find  typical  ring's  i 
bIbo  bacillary  forma  iif  piroplaania  in  (.'onnpclion  with  ordinary 
red  water. 

I  have  uln-Hdy  staled  that  we  lire  able  to  produce  nrdiniiry 
redwater  by  in.jecting  (he  blood  of  an  immune  ox  into  sus- 
•eeptible  iininials.  Tlie  fever  will  appear  about  a  week  or  ten 
days  afier  the  injection,  and  during  the  reaction  we  find  the 
l.vpicial  J'lrnpliinnm  bir/ciiiiiiuiii  in  the  blood.  Some  of  these 
animals  u  few  weeks  later  show  a  second  reaction,  which  may  be 
so  strong  tliut.  -snme  of  Hiom  succumb  to  it.  During  this  re- 
action the  lypical  /'irii/'linii'ii  bifioninum  mayappear.  Inwune 
rases,  how»>ver,  quite  an  atypical  parasite  appears  in  the  shape 
of  Bmall  rings  ami  bacillary  forms,  typical  of  East  Coast  fever. 
Tbey  may  be  so  frer|uent  that  the  diagnosis  for  Hhodesian  lick 
fever  would  be  .justified.  Personally,  in  one  case  I  had  snuie 
•light  difficulty  in  explaining  how  one  particuhir  iix,  treated  in 
the  way  imlicated,  should  have  contracted  the  now  disease.  If 
the  second  reaction  was  really  Coast  fever,  then  iinniunity 
should  have  been  the  result.  To  clear  up  this  matter,  infected 
ticks  were  placed  on  the  ox,  with  the  result  that  it  contracted 
the  disease  and  died  of  symptoms  in  every  respect  typical  of 
I'naat  fever.  Hence  the  conclusion  that  the  parasites  which 
res&mbh<d  the  Coast  fever  piroplasma  had  nothinir  to  do  with 
it.  But  this  is  not  Ihe  only  obser^-ation .  I  inoculated  three 
calves  for  redwater,  which  were  born  on  the  premises  of  the 
laboratory.  Some  weeks  later  n  secondary  reaction  set  in,  and 
afterwards  rings  appeared,  and  are  at  the  present  moment  Mtill 
found  in  the  blood.  I  have  still  further  proof.  A  number  of 
freshly-iinporfed  cattle  from  England  were  inoculated  against 
ordinary  redwater.  They  went  ihrough  the  typical  reactitm. 
and  aoine  weeks  laler  they  had  a  second  reaction.  Shortly 
after  ^his  second  reaction  blood  smears  were  e?iamined,  with 
the  result  that  the  typical  rings  were  found  in  some  of  the 
f-attlc,  whereas  they  were  not  found  in  the  blood  of  animals 
which  were  never  injected. 

To  me  Die  occuri-ence  of  rings  is  now  an  every-day  experi- 
ence. A  certain  series  of  experinienta  was  undertaken  i'l 
coniieetion  with  heart-water.  The  cattle  used  for  this  purpose 
had  sonic  lime  previously  been  immunised  against  ordinary  reil- 
waler.  The  inoeulation  of  heart-water  virus  brought  on  a  i-e- 
acfion  and  caused  the  death  of  some  oxen.  Tn  nhnoal  every 
one  of  them  rings  and  bacillary  forms  were  noticed.  There- 
upon I  began  tn  examine  tlie  hluod  of  many  oxen.  These  oxen 
had  at  one  time  been  used  for  the  production  of  rindernest 
serum;  aceordingly  they  were  highly  immunised.  This  is  done 
by  the  inieclion  of  virulent  blood.  With  the  exception  of  a 
few  animals  rings  were  seen  in  (heir  blood.  I  have  also  treated 
oxen   in   the  way   indicated   by   Professor  Koeh,   and   after  a 
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weekly  injetiliou  ui  iiumime  blnnd  the  rings  appeared.  Some 
of  tlip  oxen  had  them  before  the  injection  haii  heRim.  The 
startling  fact,  however,  is  that  two  oxen  also  showpil  an  in- 
creaBe  of  rin^rs.  They  had  been  injeeted  with  blood  from  an 
Knimal  which  vas  not  inimnnp  against  (.'oast  fever,  biil  wliicli 
showed  the  rings  during  a  heart-water  reaction  m  rather  Iiirge 
i|unnlilles.  These  obsf^rvations,  to  which  I  could  add  many 
othera,  led  rue  to  believe  Ihat  the  appearance  of  rings  after  re- 
pealed iujeetioufl  of  blood  is  not  typical  of  Rhodesian  Tick 
fever,  but  is  a  pheuouienon  due  to  the  injection  of  blond  from 
u  red-water  immune  animal.  I  am  inclined  to  believe  that  the 
rings  are  nothing  else  but  a  form  in  the  life-cycle  of  PiropJasmn 
biifcuuuuiii.  I'robubh-  the  dormant  form  in  the  immune  ani- 
mal. Heme  I  conclude  Ihat  the  appearance  of  ringa  in  the 
blood  proves  that  such  an  animal  is  immune  avainst  ordinary 
red-water.  That  animals  treated  in  the  way  indicated  by  Pro- 
fessor Koch  acquire  immunity  against  Rhodesian  tiek  fever 
only  after  five  months,  a  fact  which  has  not  yet  been  proved, 
lends  support  to  the  view  T  bold  on  this  subject. 

At  the  last  congresB  of  Veterinary  Surgeons  and  other 
representatives  of  all  the  South  African  Colonies,  Profeaaor 
Koch  made  u  statement  to  the  eit'ect  Ihat  he  found  the  typical 
rings  in  the  blood  smears  taken  from  oxen  in  East  London  and 
from  Natal,  but  not  in  smears  received  from  Cape  Town.  He 
therefore  cnnclnded  that  the  whole  South  African  East  Coast  is 
infected  with  the  lU'W  disease.  Such  is,  however,  not  the  ease. 
The  rings  Pi-ofcssor  Koch  has  seen  in  the  blood  are.  I  consider, 
the  forms  of  immune  Pirii/ihiniia  hiifriiiijnim.  Natal  and  East 
Loudon  ai-e  red-water  countries:  the  Cape  is  not.  We  will  6lid 
tlu'se  rings  in  the  cattle  from  Natal  and  East  London,  but  not 
in  cattle  from  (-ape  Town,  The  number  of  rings  in  a  sample 
of  bliKiil  varies  niueh.  Durine  febrile  reactions  they  may  in- 
crease and  invest  a  considerable  pereentage  uf  the  red  cor- 
puscles. 

Csually.  however,  tliey  are  rare,  and  a  careful  examination 
is  necessary.  The  true  nature  of  these  rings  is  shown  by  the 
use  of  double  stains,  whereby  the  chromatic  body  takes  the 
cbaracleristic  colour. 

The  stains  Axurc  IL  and  Dr.  llaconkey's  modification  of 
Rnmanowsky's,  give  in  nearly  every  instance  a  clear  definition, 
and  deserve  to  be  recommended. 

TREATMKXT. 

All  attempts  to  cure  sick  animals  have  sii  far  failed,  in 
spite  of  the  many  trials  that  have  been  made  with  various 
drugs,  which  might  reasonably  have  been  expected  to  destroy 
the  micro-iugauisnis  of  (he  disease.  The  serum  treatment 
adonted  by  Professor  Kncli  has  failed,  since  the  serum  produced 
by  the  injection  of  large  quantities  of  sick  blond  into  immune 
animals  resulted  in  the  rise  of  bacmoHric  serum.  AVlien  in- 
jected into  sick  cattle  this  senim  caused  rapid  death  by  the 
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dissolutioD  n!  reil  blood  ckUb,  whereas  the  same  serum  iii.jected 
iiilo  liLiiItliy  fiitlle  is  harmless.  This  fact  from  a  scientifit; 
point  is  highly  iiiteresliiig,  whilst  at  the  same  time  vei-y  dis- 
hearteniiig  for  the  iuvestigator.  The  inoculation  introduced  by 
Professor  Koch  lias  not  yet  stood  the  teat  of  extensive  field 
experiments,  mu\  us  the  immunity  is  only  expected  after  a 
period  nf  fivL-  months  the  practical  vaUiO  of  thia  method  is 
limileil.     If.  incnrdinp:  to  Professor  Koeh,  immune  cattle  carry 
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their  blond— a  theory  highly  probable,  and 
s  lo  be  proved — then  producinjr  immunity  is 
inae  these  same  cattle  keep  up  a  constant  and 
in  of  the  veld.  The  mainteimnee  of  the  ilis- 
lly  debar  ns  from  exporting  cattle.  In  addi- 
)enlation  as  recommended  by  Professor  Eocb 
lunger  to  imported  cattle,  as  with  such  blood 
eh  an  ordinary  red-water,  trypauosomaais, 
iduced.  Before  the  danger  of 
n  an  unmistakable  way.  the  Trans- 


vaal Veterinary  Department  ia  not  prepared  to  recommend  a 
inoi'uiation.  The  only  anceessful  way  to  atop  the  spread  of  the 
disease  is  a  complete  restriction  in  the  movement  of  cattle  from 
sick  farms.  It  will  therefore  become  necessary  not  to  reafnck 
aufh  a  farm  for  some  time  to  come.  On  the  other  band,  there 
is  hope  that  such  a  farm  may  be  cleansed  after  a  certain  period. 
It  is  recommended  that  other  stock  than  cattle  be  placed  on  the 
infected  area.  The  infected  ticks  will  feed  on  such  stock,  and 
Rfl  thei-e  is  nn  chance  of  re-infecting  the  tick  the  disease  must 
naturally  disappear.  We  have  an  experiment  to  support  us  in 
this  view.  Jlr.  Stockman,  the  Principal  Veterinary  Surgeon, 
and  myself  exposed  ten  head  of  cattle  on  a  fenced-in  portion 
of  a  farm  near  Xelsprnit,  where  fifteen  months  ago  the  disease 
was  rampau'f.  After  an  exposure  lasting  over  four  months 
none  of  the  entile  died  of  East  Coast  fever,  whereas  all  the 
control  cattle  on  an  adinining  farm,  which  was  infected,  were 
wiped  out,  The  is.dation  of  infected  farms  will  become  an 
absolute  necessity,  and  the  best  way  to  secure  such  an  isolation 
is  by  fencing  in.  Transport  will  have  to  be  regulated,  and  no 
susceptible  drnft  animala,  such  aa  horses,  mules,  and  donkeys 
should  be  substituted  for  oxen.  On  the  rerommendation  of  my 
rnlleague,  Mr,  Stockman,  c'aniels  were  imported.  They  proved 
til  In-  inuiiiiiic  against  East  Coast  fever,  and  it  is  hoped  that 
lliov  will  render  good  service  in  infected  districts.  Dipping  of 
cuttle  cNiio.scil  til  iTifertion  was  (liought  to  be  a  panacea  against 
the  disensc. 

When  suitable  dipping  material  is  used  and  the  oneration 
properly  carried  out  the  infection  is  retarded.  But  although 
we  are  able  lo  destroy  the  tick  on  an  animal,  we  are  not  able  to 
prevent  fresh  ones  re-infesting  cattle,  and  since  a  few  infected 
licks  lire  sufficient  to  cause  the  disease  the  difficulty  of  keeping 
them  off  liecomes  apparent,     When,  however,  the  removal  of 
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f^uttlo  out  of  an  infoctod  area  is  practicable,  then  every  chance 
i>xi«U  of  ^^ttinir  vn\  of  the  infection,  and  dipping  and  spray- 
iufC  will  pn^vent  the  it»-infection  of  the  new  ground.  But  tiie 
mo\t*nieut  niuat  Ih>  continually  kept  up. 

For  the  prt^sent  all  that  is  possible  has  been  done.  But  so 
far  \^n*  ha\^>  failed  in  the  majority  of  cases  in  convincing  our 
(arming  population  of  the  seriousness  of  the  situation.  It  is 
tuily  by  HON't^n*  and  vigi>rou8  legislation  that  we  can  hope  to 
ivtai^l  the  sprtnul  of  the  disease  and  to  confine  it  to  the  present 
tnmtivs  of  infection.  We  still  hope  that  the  progress  of  science 
will  assist  us  to  inuulmt  the  disease  in  a  more  economical  and 
more  eflftvtiNt*  way.  We  still  hope  that  the  advant^ement  of 
seieu^H^  will  o|hm\  to  us  new  ways  of  combating  this  ravaging 
di^^m^  in  a  mon^  tHnmomical  and  effective  manner,  and  eventu- 
Mly  fnHM'ug  our  laud  frtmi  a  decimating  set>urge  which  threatens 
to  twin  the  principal  rural  industry. 


16.-1{ACTKI{H»L(JGICAL    AND    OTilKll    ASPECTS    OF 
MINERS'    PKTIIISIS. 

By  L.  O.  IKv^xE,  M.A.,  M.D.,  B.Sc. 

(Plates  IX.,  X..  XL,  XII.,  &  XIII.) 

To  those  of  you  who  are  resident  in  Jnliinmesburg,  and 
have  iaterested  yourselves  in  the  matter,  the  subject  of  Miuers' 
Phthisis  may  possibly  appear  to  be  one  on  which  a  great  deal 
has  bei'n  said  alifady,  witbniil  our  having  attained  to  any  very 
gi-eat  certainty  regarding  it,  Hut  although  the  aubject  has 
been  handled  certainly  by  many,  it  has  not  yet  been  thrashed 
out.  And  acnirdiiigly,  when  I  was  invited  by  the  secretary 
to  read  a  paper  on  "  Bacteriological  and  other  Aspects  of 
Jliiirrs'  Phthisis"  before  this  section  of  the  South  African 
Assoi-iiiiiou  I  accepted  the  invitation,  not  with  the  idea  that  I 
coulil  chiini  to  make  any  final  pronouncement,  but  in  the  hope 
that  u  brief  statement  of  the  present  state  of  investigation  into 
the  nature  and  causation  of  this  disease,  which  has  been  re- 
sponsible for  so  heavv  a  mortality  amongst  the  miners  uu  the- 
ihtnd,  might  prove  of  interest,  even  although  it  should  contain 
little  or  nothing  that  is  quite  novel.  One  thing,  however,  I 
wish  to  say  at  the  outset,  which  is  that  I  do  not  pretend  to 
elaim  for  ihis  paper  the  character  o£  an  exhaustive  study  of 
the  subject.     Tlie  necessary  limits  of  the  time  at  my  disposal 

{erniit  me  to  refer  only  to  its  more  salient  features.  Statistics 
have  lett  practically  aside,  and  many  other  matters  of  in- 
terest I  shall  pass  over  or  merely  mention  without  discussing 
them.  I  say  this  partly  in  order  to  disarm  criticism,  which, 
should  it  arise,  will,  I  hope,  be  concentrated  rather  on  what  I 
say  than  on  what  I  leave  unsaid. 

And  first  let  me  define  what  I  mean  when  I  apeak  of 
"  Miners'  Phthisis."  It  was  only  during  and  after  the  war 
that  the  excessive  mortality  amongst  the  miners,  and  especially 
the  rock-drill  miners,  on  the  Itand.  first  attracted  serious  atten- 
tion. When  work  was  again  begun  on  the  mines  it  was  found 
that,  of  the  rock-drill  miners  who  hail  been  employed  by  the 
various  mining  companies  l)efore  the  outbreak  of  the  war,  over 
16  per  cent,  had  died,  while  during  the  first  twelve  months 
after  the  resumption  of  work  many  of  the  remainder  went  to 
swell  the  grim  total.  Naturally  both  the  miners  themeelves 
and  their  ctnphiycrs  became  alai-med,  and  asked  for  an  in- 
vetiligatioii  iuto  the  causes  of  this  high  mortality. 

And  when  this  investigatiou  was  first  made  it  was  found 
that  llic  disease  from  which  these  men  bad  mainly  died  was 
quite  definitely  a  lung  disease.  The  same  feature,  indeed, 
characterises  other  mining  communities  in  all  parts  of  the 
world  to  a  greater  or  less  extent.  I'omish  miners,  as  was 
ehowu  Inure  than  twenty  years  ago  hy  Dr.  Ogle's  oft-i|Uoted 
slatiKlies,  have  a  mortality  from  i-cspiratory  diseases  nearly 
Ihl-ee  times  as  great  ns  thnt  of  all  males  tietween  the  ages  ot 


222  Report— 1904. 

25  and  65,  the  comparative  figures  being  2,065  to  723.  And 
further,  it  was  apparent  that  this  disease  from  which  the 
miners  suffered  was  a  chronic  one,  characterised  by  a  progres- 
sive consolidation  of  the  lung  tissue  with  accompanying 
catarrhal  processes,  and  that  while  its  onset  was  extremely  in- 
sidious its  termination  was  often  painfully  rapid. 

It  is  to  this  condition,  then,  that  the  name  Miners'  Phthisis 
was  applied,  and  personally  I  think  the  term  is  both  suitable 
and  useful.  But  it  must  be  thoroughly  understood  that  this 
term  is  primarily  a  clinical  one,  and  carries  with  it  no  pre- 
suppositions as  to  its  causation  or  its  pathological  nature. 
The  chronic  lung  diseases  which  one  meets  with  amongst 
miners,  and  which  one  includes  under  the  name  of  Miners' 
Phthisis,  have  in  common  the  clinical  features  which  I  have 
mentioned.  But  even  in  clinical  type  they  present  several 
varieties,  which  are  due  to  the  preponderance  in  individual 
cases  of  one  or  other  of  the  main  causative  factors  which  ccm- 
tribute  to  the  pathology  of  the  disease.  And  therefore  if  we 
may  usefully  group  the  chrcmic  lung  affections  of  miners  which 
are  characterised  by  these  common  features,  and  which  are  due 
to  causes  incident  to  their  occupaticni,  under  the  one  name, 
Miners'  Phthisis,  we  must  at  the  same  time  admit  that  the 
term  does  not  describe  a  specific  disease  due  to  a  single  causa- 
tive factor,  but  is  a  name  carrying  implications  whicli  are  pri- 
marily clinical,  and  which  does  not  exclude  the  possibility  of 
there  being  more  than  one  agent  concerned  in  the  production 
of  the  pathology  and  symptomatology  of  the  disease.  If  this 
is  thoroughly  understood,  the  use  of  such  a  general  and,  patho- 
logically speaking,  indefinite  term  as  Miners'  Phthisis  is  not 
only  defensible  but  useful,  if  onl\'  to  emphasise  the  fact  that 
few  cases  of  chronic  lung  disease  occurring  in  miners,  wlio  have 
spent  many  years  underground,  are  of  quite  unmixed  causa- 
tion or  are  the  manifestaticms  of  a  single  uncomplicated  patho- 
logical process. 

The  provisional  report  of  the  Committee  of  the  Transvaal 
Medical  Society,  followed  by  the  fuller  investigation  of  the 
Miners'  Phthisis  ('ommissicm,  has  made  clear  certain  points, 
which  I  may  briefly  resume. 

1.  That,  as  I  have  said,  the  excessive  mortality  of  the 
miners  on  the  Band  has  been  mainly  due  to  a  chronic  disease 
of  the  lungs,  characterised  by  a  progressive  fibroid  consolida- 
tion of  the  lung  tissue  with  coincident  processes  of  catarrh,  and 
differing  in  the  majority  of  cases  in  many  respects  from  ordinary 
tubercular  phthisis. 

2.  That  wliile  no  class  of  miners  is  exempt  from  the  dis- 
ease, provided  that  their  mining  life  lias  been  sufficiently  pro- 
longed, its  incidence*  has  been  found  to  be  gieatest  and  its  de- 
velopment most  rapid  amongst  rock-drill  miners.  Of  those 
who  had  used  rock-drills  more  or  less  continuously  for  seven 
years  or  upwards,  very  many  were  found  to  die  between   the 
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«ge8  of  30  aud  40,  aud  many  about  llie  iiere  of  ■in.  while  ihase 
who  hftd  nut  been  roLk-clrill  miiiers  and  who  had  uoveillicleNs 
died  of  tlie  disease  hud  a  considerablv  longer  uiitiiDg  lifi-,  liav- 
iae  an  sdvantngp  probably  nf  10  or  ^5  years.  Speaking  geiier- 
ally,  aud  tiikiiig  the  average,  one  may  say  Ihat  only  a  minorlly 
i)f  miniTs  whii  have  wfirtcd  rofk-drills  for  a  pfrind  of  uiit  more 
IhfiJi  Hv,.  vfiirs  .li.iw  ■!<.,[, I,mI  .-videmrs  (.f  Ihf  diw-aw.  alth-.ugh 
no  d...d>t  il  is  Kiadui.llv  .i-'vcinpiiig  fr.itii  the  .■o.uiiuMKriiiei.L 
Yet  Dr.  Ma.-auhiy  sliowe.i  mv  a  ■■ust'  thi-  other  .hiy  of  a  tuiiier 
who  had  been  eniphiytd  on  roek-drills  for  three  years  only,  hut 
under  t!it-  worst  enn'ditioiis,  and  who  wan  already  permaacally 
untitled  for  further  iindergroiuid  work — lie  hail  well-marked 
miners'  phthisis,  lie  had  previously  been  u  qnitrryniun  aud 
ail  iron-stone  miner.  From  six  to  nine  years'  rock-drill  «-ork 
wider  I(H'al  eondttious  is,  however,  usually  sufGcieut  to  seriously 
impair  or  even  to  exhaust  the  working  efficiency  nf  the  miner, 
allllougb  as  a  rule  the  number  of  years  sneut  on  rock-drills  does 
not  It-present  the  total  niininjf  life  of  these  men.  These  are 
average  statements,  of  eourse.  (Juite  recently,  in  contrast  to 
tlir  inBtauce  I  have  just  cited,  I  saw  »  man  who  had  worked 
rock-drills  for  10  years  in  Australia  and  for  7  yeaiM  in  Sooth 
Africa  before  the  fatal  balance  began  to  lip  decidedly  jigainst 
Iiim.  \'cry  much  in  this  matter  of  the  duration  of  wukiiifj: 
t'ffieieney  depends  on  particiilar  circum»tances,  (he  physical 
squipment  in  lung  capacity  with  which  the  miner  starts,  his 
personal  habits,  ihe  degree  of  continuity  of  his  employment, 
and  the  nliaracler  of  the  mines  and  of  the  mining  processes  in 
whieh  he  has  been  employed. 

■i.  That  in  all  ihe  fatal  cases  in  which  post-mortem 
examinations  were  made  extensive  fibrosis  of  the  lungs  was 
found  eneroai'hiiig  upon  and  replacing  Ihe  true  lung  tissue,  and 
in  most  cases  this  was  very  extreme.  The  Ivpc  of  fibrosis  was 
that  well  known  to  be  caused  by  the  continuous  inhalation  of 
Sue  dust,  and  the  .■-mclusion  that  tlir  /»«/,<  .,/  ll,r  ,lr.;ii.u  ,..  a 
nlicoxh,  a  roek  dust  disease,  was  confirmed  by  microscopical 
«xammatinn,  which  in  every  ease  investigated  showed  the 
firesenee  of  mineral  particles  ti)  be  directly  associated  with  the 
process  of  formation  i>f  Ihe  fibrous  tissue.  The  distribution  of 
the  fibrosis  coincided  exactly  with  the  distribution  of  mineral 
matter,  and  both  initially  followed  the  distribution  of  the 
K-mphatic  drainage  system  of  the  lungs. 

This  conclusion  was  strengthened  by  the  fact  tliBl  the 
f-laases  of  mining  work  which  were  admitledly  most  daiiprerous, 
namely,  roi'k-drill  work,  and  particularly  driving  and  niisin^. 
wei-e  precisely  those  in  which  the  (|uaulily  of  diisi  genciati'd 
in  drilling  was  greatest.  The  further  fact,  that  these  opera- 
tions were  also  those  in  which  contamination  of  the  mine  air  by 
ihe  giises  pr(«luced  by  tbp  exnlosives  used  in  blasting  most 
rendily  occurred,  was  not  overlooked, 

4!     Thai   in  a  certain  but  undetermined  number  of  cases. 
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Ufifftih^,  bowt-vitr,  a  miumhy  of  the  whole,  a  tme  tubercular 
\tUiUtmi^  i't)^*%\nUH\  w\i\i,  or  trail  wup^frimpofied  upon,  the  primary 

h.  'J'httt  (hif  rfOfilamjiiatioii  of  the  mine  air  by  certaii* 
no^ioMM  K^iMifM,  jmrtKHjIarly  thoiif*  pniduced  by  the  nitro- 
^lyr<'iiiM<  f'XfiloMtv^jN  nrnui  in  blasting,  was  a  contributory  and 
iilflfnivuh'iiif  fiu'tor  in   the  production  of  the  disease.     Of  these 

fpiM'M  (iirhoii   monoxide  wa«  stated  to  be  the  most  dang^rous^ 
Mii  nilioio*  fiinieM  were  alHo  ref(^arded  as  l>eing  in  a  minor  degree 
confrihiiiory. 

'rh<*M<»  lint  (||<f  broad  r^onduMions  to  which  previous  investi- 
1(11  (ion  hiiM  h'd  iin,  and  with  them  I  agree.  The  difficulty  all 
iiloiig  liiiM  hcMii  lo  (h^lerniine  wliat  is  the  relative  importance  of 
llir«M  lliiiMi  mil  in  faciorM,  dust,  infective  processes,  and  noxious 
|(MM<»>i,  (IN  niiMulivn  agc^nts  in  producing  the  diverse  pathological 
prnccioiPK  Mild  (ho  HyniptoniH  of  Miners'  Phthisis.  And  what  I 
wi«h  lo  do  fo-dav  in  to  givc^  some  idea  of  what  I  believe  to  be 
llm  roll*  which  iIicho  various  ageiicies  actually  play,  and  par- 
fii'iihuly  lo  conchitc^  ihc^  several  clinical  types  of  the  disease 
IIM  \vc  iiicci  it  willi  till*  viuying  prcpondenince  of  one  or  other  of 
tlicnc  llm»c  main  fnciorH. 

TIIK    INFI.rKN(K    OF    DUST. 

TImi  (he  mmc  or  less  continuous  inhalation  of  fine 
duwt  in  nn  i^tlicicnt  factor  in  producing  both  catarrhal 
prorcMMCM  in  the  air  passages  and  alveoli  and  fibroid 
changes  in  the  substanc^e  of  the  lungs  is  a  patho- 
logirul  iact  so  well  established  that  I  need  here  adduce  no 
further  evidence  in  its  favour.  It  may  be  sufficient  to  remind 
you  that  tMntlu^nvare  manufactuivrs,  working  under  conditions 
which  induce  the  inhalation  of  tine  silicious  dust,  but  which 
eertainix  do  not  include  the  intluence  of  noxious  gases,  suffer 
fnuu  the  disease  known  as  **  potters*  phthisis,"  which  is  a  true 
silirosis,  and  which  in  many  ivspects  closely  n^sembles  the 
**  miuerH*  phthisis  **  which  we  nun^t  with  on  the  Rand.  Earthen- 
wave  n\anufactuivrs  have  in  England  a  mortality  fnmi  phthisis 
and  respiratory  diseases  ahm^t  Jdentii'al  with  that  of  Cornish 
mincis,  the  ^comparative  tiguivs  b^ung  LllS  and  1,148,  both  far 
alH»ve  I  hat  ot*  any  i>thet  iH-cupitnl  clas:^.  Of  all  tht  dust  disease.^ 
MftCi^^i(<  t<  the  m(K<t  fatifL 

N\»r  u^hhI  I  ilo  moiv  than  mention  the  facts,  that  the  dust 
v*C  the  Kauil  vjuartxite  is  admitteilly  a  hanl  dust,  and  that  it 
Hp^H^ars  uuiler  the  micnvsico^H*  in  the  form  of  silicious  particles^ 
mau\  i»f  which  aiv  excetHliuglv  tine  and  sharp  and  angular. 
The  ^ivat  ma^{i»rity  of  the  g\>Id  mines  of  the  Kami  also  must 
W  eWsiteil  as  drv  miue?^  Thes^*  facts  no  one  disputes,  and 
Huywjae  who  has  had  ex^^eriem-e  of  uudergnnmd  work  under 
WhI  couditious  will  a^rve  alsi*  that  the  mine  atmt>sphere  is 
evvv>wheiv  eh^ricevl  with  dust  iu  an  abnormal  degree.  Still 
H40»v  si^  is  tVis  iW  eijise  iu  drives  and  rises.       In  a  rise  wheik 
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diilliujT  is  goiiip:  mi  llie  air  may  be  felt  (ii  be  quite  uppreasive 
with  (hist,  and  in  a  drive,  wliicli  is  the  next  wnrst.  Dr.  Pakes 
demonstrated  the  presence  in  the  air  of  dust  to  the  nmoimt  o£ 
0.5U25  grammes  per  cubic  metre  while  drilling  was  going  on. 

Now  there  are  three  main  clinical  types  of  miners'  phthisis, 
wliicii  we  medical  men  have  been  accustomed  amongst  ourselves 
Iw  ilisLitigiiish  as  the  "dry  type."  the  "moist  lype,"  and  the 
"  very  rhi'iiuic  type." 

Take,  for  example,  such  a  case  as  the  following:.  Last 
Septcmhcr  a  miner.  T.H.A.,  consulted  me.  He  was  40  years 
of  age,  and  had  had  a  mining  life  of  24  years.  Of  this  lie 
had  spent  12  years  elsewhere,  mostly  in  iron  mining  at  home 
and  in  the  I'nited  States,  with  a  short  spell  of  gold  mining  in 
America.  He  came  to  South  Africa  in  1890,  and  with  one 
short  holiday  worked  on  the  Hand  as  a  miner  for  nine  years, 
of  wiiii-h  moi-e  than  five  were  spent  in  rock-drill  work,  and  all 
of  this  in  developing,  lie  had  worked  a  good  deal  in  "bad 
places,"  and  he  liad  been  "gassed"  once,  and  he  believed  that 
lie  WHS  for  sonic  time  thereafter  mtire  readily  affected  by  the 
fumes  of  explosives  llian  most  other  men.  Ilia  partner  during 
this  work  had  since  died  of  chest  disease  after  eiRht  years' 
roek-drill  work.  lie  went  home  and  did  nothing  during  the 
war,  and  he  returned  to  South  Africa  in  1902.  He  stated  that 
at  thnt  time  he  was  not  niiticeahly  short  of  breath,  lie  had  no 
night  sweats,  and  no  spit. 

lie  worked  underground  for  precisely  five  weeks,  when  he 
had  to  give  it  up,  and  had  since  been  employed  as  banksman 
at  ii  diiwiii'ast  shaft,  so  that  there  had  Ih'CIi  no  recent  exposure 
to  the  iiiHucnce  of  mine  air.  liut  he  steadily  lost  weight,  he 
hiiil  "'  no  wind,"  he  could  not  walk  a  hundred  yards  without 
gelting  short  of  breath,  and  he  suffered,  as  he  said,  from  per- 
petual indigestion. 

He  was  pale  and  much  emaciated;  his  chest  expansion  was 
one  inch.  There  was  evidence  of  consolidation,  especially  at 
the  right  apex  and  the  left  base,  with  signs  of  a  dry  cavity 
under  the  right  cavicle.  What  struck  one  on  auscultation  was 
the  poor  entry  of  air  all  over  the  lungs  (espeoially  posteriorly) 
and  the  absence  of  moist  sounds.  These,  which  are  indicative 
of  active  inHaniniatory  processes,  were  present  slightly  in  two 
areas  only,  lie  had  old  friction  sounds  here  and  there,  indica- 
tivp  of  past  dry  pleurisies.  He  had  slight  drv  cough,  but  he 
had  no  spit.  His  complaint  was  that  he  could  not  spit.  He 
had  no  fever,  no  night  sweats,  he  had  never  spat  up  blood.  The 
pulse  rate  was  somewhat  accelerated  (K5  to  90),  the  heart 
sounds,  however,  were  normal ;  the  arteries  were  not  thickened; 
he  had  no  albuminuria. 

Xow  I  have  described  this  ease  (o  vou  because  it  is  so  very 
typical  of  what  we  call  the  dry  type  of  miners'  phthisis,  which 
is  the  commtmesi  and  most  characteristic  form  of  tlie  disease. 
It  is  *'dry"  becausi'  there  is  little  or  no  expectoration,  whifb 
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aww&^r;   yr^^pim  ye^^i^ixr.        P^'t^m^h-t^  ••im*i*-.ar_jia  mi»i   TTS^ar 
*.An  wnsut  ^Ai*-  ^^Te^m/^  ^f  ^T^irarjio.      la  ♦ii'U.   -a.-^^^.  _3.«LHr-L.  -_i*^ 

m  "Jirii;**?!  'ft-^T*-  i«t  ::tri^  'ftir«^arift.!iwr  '^a^a»'^i*-  If^r"  *.:    ••  ai^r  aa»L  iC»> 

«rA/i^nrjfr<#'iiui  m^yrk.     •>a^  '^^^r*  -'a*^  af^-^r  -  a.^?**-  «  f  'ilI^  *•  c     Tl?^ 
^0ra^hlt^gr  ^^^Ffrt^tj,  air»a47  -t^-r^^f-x^Ij  -!i--r*«»---i.--^:  Tp»  i  ^-v-  -tL«* 

•r%i^0^  04  a  ^-ifiat^  niii^  a,r,  pr^iv*-*  Ei/.r*-  r^an  tr^-r  .^r;.jgs  •--an 
#</^  Wfth.  ar>/i  a  ratplA  fU-^lln^  II.  h*-aitrt  f".-*-^--  T-^*  t^r^T^.a* 
fo  thi«  ^xp^^nr^  th^  f^afi^fjt  jF;  -k-T-h  a  '-a'-^  a*  I  Lav^  L-r^i*  r:K-J 
f^^U  t0,i^f ^Wi7  ir*'!l:a  iittl^  *h^>rt  in  th*-  wir.»L  i>«?-rLaiN?.  tv-r  rW 
MffffifS  *'r»^  f</»/'  brn^fit  i#  prusi^^rAy  a  mfr<-haiiK-al  and  a  nnrri'^iT** 
Ai^nWiy.  ,Vo  inf^^ir^;  prorr^r%%  i.%  af  work,  ther*-  are  n*  t»'xin<^ 
pr^'^^rit  t/»  az-t  a«  f^m^iitntumstl  pifpi^tji^  aii«i  al?«.  a^  •laiieer  >:ir- 
ffHln,  lUf  foaiff  ^Ji^iahility  i^>  thf  'liruir.i^K^i  r»-»pirat«'ry  •  apa- 
#'ity.  Ar»^i  tbin  I#'a/|.%  ori^-  to  n^niark  that  a  maii  who  >tarT^  with 
H  K#f^Ml  respiratory  '-apa^-ity  bai%  jrreatfr  'liari*^-^^  in  Li*  favour. 
ffr^Hijt'r  fjrr<'atJiifi|f  ipa/rfr  to  ^oruf-  and  jr'»  upf»n.  ^hau  a  man  with 
fi  fi^^/r  ^apa/'ity  and  hut  a  <iniall  rnarg^in  ^»f  ?.urpiu?  hrvathing 
njfHf'0',  V,%\t4m'  \rtA\i  to  ffffial  »inderjrrf»unfl  ri^k^?.  and  e^pt-cially 
to  e/|tial  riiik«i  from  dfi*it,  and  thf-  forni^-rwill  inevitably  ia?T  the 
lottucr  \ff'f'Htitk4'  rif  hin  valiiahl*'  initial  advantage.  Personally 
I  aiwayn  advip^r  a  yoiin^  miner  whr»?»e  respiratory  rapa*  ity  is 
fKKir  at  the  #ifitM't  to  rhanf^e  hi^  rKfiipatirm  while  he  can. 

And  finally  n#if<'  in  ninh  a  ea^*  the  ah'^i'n^e  of  the  t>']>iral 
niffun  ot  tijU'reular  phthi»i«,  her-tie  fever.  haeniopty>is.  ni^ht 
fiweafM,  afirl  free  exfM'etoration. 

i'iin4'n  of  lIuM  dry  type  are,  I  Indieve,  examples  of  a  patho- 
h^^iral  eondifjon  in  whirh  a  Milieosis  is  the  predominant  fea- 
ture. It  in  uneomplieated  hy  any  infeetive  process.  Siirh  a 
I'nm*,  indeed,  ran  not  In*  mistaken  for  a  ease  r>f  tul>ereular 
phthiMiM,  and  the  neanty  Mptitiim.  whieh  may  contain  silieious 
fmi'tieleM,  eontaifiM  no  tnherele  haeilli. 

I/<'t    ui*   HiippoHi*   now   that   the  disease   proceeds   t(>   a    fatal 
termination,  maintaining  its  dry  type  practically  to  the  end, 
how,  we  may  iink,  <hM«M  miicIi  a  patient  die?     In  one  of  twf»  ways. 
Kit  her  liin  breathloHHiieHH,  whieh  in  duo  primarily  to  the  gradual 
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obliteration  of  ihe  tiue  lung  tissue  by  tlie  piogressiive  fibroid 
i-liauge,  IjeronipB  steailily  worse  aud  worse  until  it  becomes  so 
bad  that  he  can  no  longer  leave  bis  bed,  and  be  ultimately  dies 
of  heart  failure  with  cyanosiH  and  other  attendant  signs,  or 
suddenly,  near  the  end,  tho  lung  with  its  lowered  vitality  psiii 
no  longer  lesist  the  invasion  of  infet'tive  proeeeses.  An  iicute 
pneumonia  may  supervene  and  carry  off  the  patient;  or  pyo- 
genic organisms  invade  the  lung;  it  breaks  down,  necrotic 
eavities  form,  portions  of  the  lung  may  become  practically  gan- 
grenous, and  the  case  passes  at  iTie  end  into  the  "  moist  type," 
which  I  shall  discuss  in  a  moment. 

What  I  liave  called  the  "very  chronic  type"  iigrecs  in 
moat  of  its  cliuicul  features  with  the  picture  I  have  outlined. 
It  iilso  is  of  the  "dry  type,"  althtmgh  chronic  bronchitis  is 
a  common  feature.  But  it  develops  more  grudualty, 
occurriug,  as  it  does,  mostly  among  tlie  older  miners,  who  have 
used  I'oek-driUa  scarcely  at  all  or  not  Ht  all,  but  who  have  had 
«  mining  life  of  M  years  or  more,  and  who  die  at  a  later  age 
— say  from  45  t<t  50.  In  such  I'ases  secondary  aft'ections  of  the 
heart  and  blood  vessels  and  kidneys  may  be  found,  and  albu- 
minuria and  general  dropsy  accompany  the  heart  failure  and 
■  ■'  ■  lala- 


cyanosis  of  th' 

Now  here,  iii  i 
sion.iB  anillustrati 
very  extensive  tibr 
is  difficult  to  realit 
lungs  so  crippled, 
ment  of  Ihe  lung. 
adherent  to  the  cheat  wall, 
lung  tissue,  there 


Irawing  which  I  prepared  for  the  Conimis- 
1  of  a  case  of  this  nature  (PI.  IX.).  There  iw 
lis  of  the  lung,  so  extreme,  indeed,  that  ii 
how  life  can  be  carried  on  at  all  with  the 
The  pleura,  too,  whicli  forms  the  invesl- 
i  greatly  thickened,  and  was  extensively 
There  is  no  breaking  down  of  the 
bercle  bacilli  in  the  sputum,  and 


the  spui 

isis,   dropsy,   and 
mining  life  had 


the  patient  died  of  heart  failure  with 
albuminuria.       His  age  at  death  was  52,'his 
l)een  ;!5  yetirs,  and  he  had  worked  roek-drilli 
months. 

Here,  on  Ihe  other  hand  (PI.  X.),  is  a  sketch  of  a  lung,  wliich 
very  closely  reai'mbles  that  which  I  have  jnsi  shown  you,  with 
the  exception  of  one  important  feature.  For  in  this  second  case 
the  fibrosed  lower  loin's  show  large  areas  of  necrosis,  forming 
gangrenous  cavities  in  the  substance  of  ihe  lung.  Xow  Ihe 
case  from  whidi  this  drawing  was  nuide  was  also  almost  to  the 
very  end  one  of  the  dry  type ;  only  in  the  last  few  days  of  life 
did  the  lung  begin  to  break  down  and  tlie  expectiu-ation  become 
profuse.  The  age  of  Ihis  patient  al  death  was  rt4 :  he  had 
Wen  23  years  a  miner,  anil  of  these  he  had  spent  7  yciii'.  on 
rock-drills. 

To  sum  up,  then.  Those  cases,  which  during  life  are 
elinii'ally  of  this  dry  type,  and  whose  lungs  showthese  fcalui-es 
poat-mortem,  are  pathologically,  as  I  have  said,  primarily 
almost  unmixed  cases  of  silicosis.  They  form  the  commonest 
and  most   characterislic   form   of  llic  ilisciise.        The   biciiking 
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ilowii  of  the  lung  tissue  is  in  these  eases  a  terminal  pheno- 
menon, due  to  the  late  invasion  of  infective  processes.  All 
oases  of  true  miners'  phthisis  are  primarily,  at  least,  cases  of 
silicosis.  Silicosis  is  the  feature  common  to  them  all. 
I  had  hoped  to  show  you  a  series  of  microscopic 
si^ecimens  illustrating  the  minute  features  of  the  process  of 
fibrosis  of  the  lung  in  cases  of  miners*  phthisis.  Of  these  Df. 
Pakes  has  now  a  fairly  extensive  collection,  made  from  mate- 
j  rial  which  various  medical  men  have  supplied  to  him.     But 

i  the  press  of  the  more  important  duties  in  which  he  has  recently 

Imhmi  engaged  has  prevented  me  from  carrying  out  this  inten- 
tion. I  must  content  myself,  therefore,  with  showing  you  these 
drawings,  which  I  made  some  time  ago,  and  which  show — ^the 
first  (PL  XII. K  the  early  process  of  formation  of  the  fibrous  no- 
dule, the  second  (PI.  XIII.),  a  further  stage  in  the  process  of 
i|,  fibrosis,  pnKiuced  by  the  growth  and  coalescence  of  originallT 

j  (liscTvte  nodules.     In  both  the  intimate,  and  indeed  identical, 

local  conjunction  of  the  formation  of  fibrous  tissue  with  the 
presence  of  mineral  particles  is  sufficiently  obvious. 

THE  IXFLUEXCE  OF  IXFECTIVE  PROCESSES. 

What  I  have  said  regarding  the  acute  infective  invasion 
which  may  suddenly  appear  as  a  terminal  feature  in  such  eases  as 
thost^  I  have  describcil  affords  one  example  of  the  influence  of  in- 
ftM'tive  princesses  in  miners*  phthisis.  And  this,  you  will  remem- 
ber, is  the  second  main  causative  factor  contributing  to  the 
pathoh^y  and  symptomatology  of  the  disease.  I  have  said 
enough,  perhaps,  reganling  this  sudden  terminal  breakini^ 
down  of  tlie  lung.  I^t  me  now  very  briefly  mention  the  influ- 
em*e  of  other  infective  invasions  of  a  less  acute  type.^ 

The  first  of  these  is  tuberculosis.  Tuberculosis  of  the 
lungs  is  what  is  ordinarily  called  **  consumption/'  and  from  the 
first  we  have  reiHignised  that  tuberculosis  did  in  a  minority  of 
casi^s  lieiH>me  associateil  with  the  primary  silicosis.  This,  in- 
deetl,  is  what  one  would  expect.  But  I  believe  that,  in  the 
gn*at  majority  of  inases  in  which  it  does  so  appear,  tuberculosis 
i.<  a  superimp^^ition,  a  secondary  pnH*ess,  and  I  base  this  con- 
rlusion  not  tmly  on  the  pathological  evidence  at  our  disposal, 
but  al$4>  on  thefaci  that  the  mining  life  of  a  man,  who  should 
Stan  undergnMind  work  with  lungs  already  affected  by  tubercu- 
losis, would  assunnlly  not  be  a  long  one. 

Siniv  the  Government  Bacterioh^gical  Laboratories  were 
estaWisluHl  in  -lohannesburg,  I  have  made  a  point  of  aendin|p 
ihoiv  ihe  sputum  of  every  miner  who  came  ii^  me  complainin|^ 
ot  •  ]:tsT  symptoms  for  bactci  ioU>irifal  examination,  and  for 
:ht  :^  rouiUMUis  roM^pt^nition  in  aidini?  nu*  in  this  matter  I 
r..^:>:  wiumlv  thank  Dr.  Pakes  and  his  staflf.  As  a  consequence 
tvo  ;uv  jrnuluallv  colltvting  a  considen^bU*  ann'unt  of  inteiesl- 
iv.c  material.  The  number  of  cases  is  as  vet  t«H>  small  to  allow 
o^o  ;.^  <|vak  of  per^vntages,  for  it  is  only  after  a  prolonged 
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investigation  Ihat  one  can  ventui-e  fo  do  so.  But  this  rnudu- 
siou  is  already  pointed  to,  that,  altlioiigli  in  tlic  large  majority 
of  such  sputa  tubercle  ImiciIH  are  not  fnuiid,  jot  tiibcrculosi-s 
does  play  a  prominent  part  in  llir  !-atrr  ftngex  in  a  considerable 
number  of  rases.  And  when  tubcrt-ulosis  does  become  grafted 
on  the  primary  ailirosis,  the  downward  projfvesa  of  the  patient 
is  greatly  ari'clerated.  Tbf  disciiae,  too,  cliaiigcs  its  type:  it 
takes  on  the  characteristics  of  the  "  moist  type."  "We  may  find 
a  gi-eater  or  less  degree  of  liectic  fever,  we  may  find  night 
sweats,  and  we  almost  invariably  find  more  copious  anil  even 
profiiae  expectoration.  Moist  sounds  iippear  in  the  linig's,  and 
there  is  commonly  a  rapid  breaking  ilown  of  the  Inng  tissuc 
Tnberoie  bacilli  are  also  found  in  the  sputum.  Yet.  post- 
mortem, one  finds  little  in  the  naked  eye  appeiirances,  which 
differs  from  those  seen  in  cases  ofthe  purely  fibroid  typo,  es- 
oopt  that  the  lungs  show  as  a  rule  more  extensive  excavation 
ami  greater  evidences  of  active  infiammatorv  change.  But  the 
cavities  are  not  (ypii-al  tubercular  ('avities,  but  are  rugged  and 
necrotic.  Xr>  dt-iibl  llie  infection  is  always  a  mixed  one,  in 
which  the  tulicn  h>  hai'illus  and  ordinary  pyogenic  orguuisms 
(and  sometimes,  pcihapa,  the  pneumococcus)  are  alike  operative. 

A  case  of  this  sort,  where  tuberculosis  appeared  as  a 
secondary  feature  in  the  disease,  came  partly  nnder  mv  ow7» 
observation  and  partly  under  that  of  Dr.  Frazer,  who  has  kindly 
allowed  me  to  make  use  of  his  clinical  notes  regarding  it.  It 
may  be  taken  as  a  characteristic  example  of  this  "  moisl  type  " 
of  the  disease. 

J.  F.  11..  aged  33  years,  bad  been  a  miner  for  20  years, 
having  worked  for  5  years  in  Cornwall  and  for  15  years  in 
South  Africa,  lie  had  worked  for  12  years  with  rock-drills  on 
the  Kand.  wilh  three  years'  interval  during  tlie  war.  when  he 
was  at  home  and  not  working.  His  actual  rock-drill  work, 
therefore,  occupifd  about  9  years.  lie  stated  that  when  he 
returned  to  South  Africa  in  January,  1902,  he  was  quite  well, 
and  he  remained  actively  at  work  till  June,  I90:i,  when  he  had 
an  attack  of  "  influenza.*'  This  illness  probably  was  a  genuine 
influen;:!a.  as  several  others  in  the  same  house  were  simultane- 
nusly  affected.  I  saw  him  about  this  lime  and  noticed  bis 
nbvious  brent hlesHness,  and  that  he  suffered  from  congli. 
althougli  T  made  no  delaih-d  examinatiini  of  his  chest.  He 
never  worked  again  after  this  attack.  Thl-eo  months  later, 
when  he  came  under  Dr.  Frazer's  care,  he  was  breathless  anJ 
cyanoaed.  sleepless,  and  with  no  appetite.  His  pulse  was  very 
rapid,  and  he  had  paroxysms  of  coughing.  His  lungs  were 
full  of  moist  sounds,  and  there  were  areas  of  dnlness  on  per- 
cussion posteriorly  and  at  the  right  apex.  Later  he  began  to 
spit  up  immense  f)nantit(ea  of  Idack  matter  from  the  lungs, 
and  the  expectoration  was  found  on  examinatiim  to  be  purulent 
and  to  contain  very  large  numbers  of  tubercle  bacilli.  His 
temperature  assumed  a  moderate  hectic  type.     His  downward 


V^T.r  iniTtiHfii*  '-f  til*'  ririt  ?cur  '•^^r^  fxZy  ^••iirfi:ost'Si*fl  A3rd 
*,ii#i      Ti**-  aat-v-fyjc  ^rjrrScisx*  */!  ^i*?-  Ittsjc  -•'^t^-  3i*'c»-  ^7«*7Hta»t« 

Tl«i)^  ii^^rt  «nai»  «i«w  ■iii  dHaif^id.  Inn  c^Wrvijie  jxarmaiL 
^^•rhi*^^  »»T^  IKM  trfn^  of  r^bprrnlar  pttkis*.     Xor  did  ^r^ 

•^%:^9uif0^.  Tt*-«^  /-^^i«i«i<H4-  iK^rf'TneT,  of  <«ii]y  tikree  Uoc^  of 
^miiW  ti^wa^,  aiKi  ^lufT^i^fr^  xht  al»piic*-  of  rabeTC-iilar  f-kaxk|pe  in 
il*^  p^>rt;'/fi*  tfXSkUiii^A  Ar^tf^  i*<n  p«^-lDde  tbe  pc^ssibiliry  of  its 

I>r.  Ai*4r*'W4^^  wfco  re<iCTit]y  iii^re«turat<yl  tbe  almost  ideii- 
ti<-ai}  #!]*#-**#•.  wl<i#-L  or^enri  ainoii|r«t  Gani<ter  miner?  in  Eafr* 
1;^^^).  a]*^f  *tJ!it#-^  that  in  xhe  lun^  there  wa*  nowhere  any  naked 
*'>'*'  «'r;d*'ii''*-  of  tnWi^rtilofi*-  Bot  careful  search  showed  the 
Ifft-^^htf  of  tqberrle  a«  a  re^ient  aec-essory  phenomenon,  in  the 
ionsi  of  *>ma]]  miliarv  tnberr-les,  oeenrrine  in  sr-antv  numbers, 
HU'l  ojjiy  Jjj  the  mo«t  advan^^  areas  of  nbrous  ihange.  Two 
luuith  nu]y\  h^'wi-v^'r.  were  examined  by  Dr.  Andre wes.  It  is.  I 
thifjk.  probable  that  extended  inv€*sti|ration  may  show  results 
of  a  «irfj]]ar  nature  in  a  considerable  number  of  <-ases  of  the 
**  i/ioj«t  t\-pe  "  of  the  disease  as  it  oc-curs  here. 

Her**,  then,  we  have  a  case  where  an  acute  infection,  in- 
HwuzH  uamelv.  apparently  determined  the  invasion  of  tubercu- 
l^H^i**.  and  rlffinitelv  initiated  the  final  break^^wn.  and  I  think 

« 

this  i«  not  sfi  very  uncommon.  I  do  not  s^ay  that  all  such 
r-av^  an-  equally  rapid,  for  the  tiil^ercuL-ir  inv;ision  may  be 
in  •w»rij<'  rath^^r  less  acute,  but  those  which  I  have  seen  were 
rapid  <-ijoujfh.  and  in  all  but  one  after  the  onset  of  the  infec- 
firifi  the  downward  course  was  steady  and  uninterrupte<l. 

A  further  interestinpr  feature  of  these  cases  of  pulmonary 
tulK-rculoMin  in  miners  is  this,  that  so  far  as  niv  obst^rvation 
iiitfH  the  prr»<ess  is  more  commonly  basal  than  apical  in  oriarin, 
which  i^  quite  the  reverse  of  the  rule  in  unconipli(  ated  tuber- 
cular phthisis,  but  cjuite  what  one  would  expe<t  in  rases  where 
the  tulM'rcular  infection  is  fjrafted  on  a  basis  of  silicosis,  which 
in  prone  to  affect  first  the  posterior  and  the  basal  portions  of 
tlie  lun^. 
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Tuhprculosis  is  ii()t.  lujwfver,  llio  (inly  infeptive  prorpss 
wliicli  is  pioup  tn  attack  these  liiiiga.  Pm-uinncnrcal  hi/rction' 
alsD  orcur.  Patlioiopists  arc  romiug  to  repaid  tlif-  pnt'iimo- 
copr'iis  ii9  liein^  coiupHralilc  to  the  tubercle  bacilhis  itself  in 
Mie  prolcnii  vjiriety  "f  Hie  infeptlve  processes  which  it  may 
cinisf.  Aciile  piLeiimouiii.  eiiipyeuia,  intlamniat'iry  infectitmn 
rif  the  nasal  eavitiei*,  suppurative  intianiDiation  of  the  middle 
par,  and  nf  tlie  uipiubraues  of  the  brain  and  spinal  cord,  aente 
iuf)ammstinn  nf  the  heart,  of  the  intestinal  tract,  and  tbe  peri- 
Iniieiini,  iind  suppurative  inflanimatinn  of  the  .joints,  have  all 
hi-ou  trared  in  nertnin  cases  tn  the  agency  of  this  organism, 
whrcli  in  Siuitli  Afrii'a  we  havi-  special  i-eason  to  dreail,  and 
whiclt  I'lniscs,  niainly  from  piiciinionia  and  meuiiigitiB,  a  gi'im 
ni'irlalily  in  niu-  native  funiponiiils.  Hut  I  do  not  wish  to 
ronjiive  iip  the  ternirs  nf  the  pneiimocncciis,  but  to  speak  speci- 
fieallv  of  its  lelntinn  t»  miners'  phthisis. 

It  is  well  known  that  the  pneiimoeoceus  is  a  common 
enougli  inhabitant  of  the  mouth  and  the  upper  air  passages  of 
healthy  people,  and  it  has  been  found  also  in  normal  healthy 
hmgs.  ifot  only  so,  pneumoeocci  obtained  in  this  way  from 
the  month  or  nose  of  healthy  persons  have  been  f<mnd  to  pro- 
diH'e  a  fatal  septii-aemia  on  injection  into  animals.  In  the 
experimental  work  which  has  been  dune  on  pneumococcal  in- 
fection in  animals  one  series  of  results  is  of  special  intei-est. 
In  these  it  was  found  that  while  the  insufflation  of  the  piieumo- 
coicHs  into  the  trachea  did  not  cause  pneumonia,  pneumonia 
did  follow  if  dust  were  simultaneously  injected,  or  if  the  ani- 
mals after  being  Ijept  warm  were  suddenly  immersed  in  a  cold 
bath  al  the  time  of  the  injection.  This  experimental  result 
has  an  obvious  liearing  not  only  on  pneumoeoceal  infection  in 
relation  tn  mining  life,  hut  also  on  the  epidemics 
of  pneiimonin  which  pi-evail  on  the  Rand  during  the  cold 
months  of  the  year,  when  dust  storms  are  common,  and  rapid 
Tariations  of  temperature  are  very  frequent. 

That  an  acute  pneumonia  may  attack  a  miner  just  as  it 
doe»  anyiiiie  else,  whom  predisposing  and  exciting  causes  con- 
join to  render  susceptible  to  its  invasion,  need  scarcely  be  men- 
tioned, and  that  an  acute  pneumonia,  developing  in  a  lung 
already  affected  by  silicosis,  will  prove  the  more  dangerous  by 
i-eason  of  that  pre-existing  disability  is  also  obvious  enough, 
nm  leaving  these  generalities  aside,  there  are  two  points  re- 
ganling  the  rchilion  of  pneumonia  to  miners'  phthisis  which  I 
wish  to  refer  to.  When  pneumonia  attacks  a  lung  previously 
healthy  and  the  patient  recovers,  the  disease  terminates  by  a 
proiess  of  what  is  called  "  rcBolution."  The  inflammatorv  pnt- 
dui'ts.  which  at  the  height  of  the  disease  bl.K-ked  Ihe  alveoli, 
hemine  li(|tiefied,  and  are  i-emoved  partly  bv  absorption  and 
partly  by  expectoration.  And  the  process  of  absorption  de- 
pends on  the  integrity  of  the  drainage  system  of  the  lung. 
The  main  factor  iu  the  drainage  of  the  lung  is  the  lymphatio 


H\ft''4j\y  \ti*sttu^  iM$ff$if*r4f  hy  t\,^  iutfrit-r^nffr  with  ii«  Dormal 
^Uhfiffs^U  t  Hum'A  Uy  fi$^  |#r<?<i^ii/'^  rrf  Ui\u*fr'A  j^arti^-lf-^  and  the 
*U$hUH  ihtlf0ff$ffHiiioh  whi^U  i\$^^  t'Xt'iU'.  TIk-  lymphatics  and 
0^4'  \t9outUni$\  ifinhfU  t'HUtUfi  i'iHu'U*u\\\  itt'Hnnn  thf-ir  normal 
t\fi$iUHy[t'  tuhHuffn^,  And  htfut'4'  it  f<i  not  tinnatural  that  in 
«i*</'l^  Im^i^w  li'tkitSniupu  U  \uU-rh'U'A  with  and  delayed.  The 
\tht'Hihiimt'  « tiumt\'ii\iii'ufu  tuny  jpirtmni  and  U'f-ome  frlironic.  the 
hrtiU^  \tht'ti9noiiiH  ttiUH  on  into  a  rrhroni#r  nneiunonia.  I  have 
n4'ttti  h  j^ood  noiny  ^mm'k  of  thiK  nature.  Only  the  other  day  I  saw 
n  OMOer,  /(,  H  ,  ')H  ye«r>*  of  a^e,  who  had  Ix'en  a  roek-<lrili  miner 
for  H  yi*nin.  Two  nionOiK  In'fore  he  eanie  innler  my  (»bservation 
h«»  hiid  110  iiMfiek  of  aeiHe  pneumonia,  lie  had  not  recovered 
NidiMfMetorily  from  Iheattaek;  he  idill  had  eoiif^h  and  expeetora- 
^nu,  MO/I  wuH  «hor(  of  hreuih,  I  found  on  examination  definite 
ovif|itro'i«H  of  n\i\'Hinui\iuif  niWitmiH,  and  I  found  also  that  there 
WMH  Mlill  piome  rooMolidation  of  (hat  area  of  the  ri^ht  lung 
whirh  hiol  hiM<n  Mm*  nvni  of  the  pneumonia,  with  a  good  many 
linn  liioUt  hoiiimIm,  I  HiiMperted  a  Hc^condary  tuherculosis,  but 
hiM'hoiohtKiriil  MHuniituiiion  Mhowcd  tliat  tho  proeosn  was  not 
hdinmihir  hill  hiMMitiioroccal,  ami  the  pni'umococci  proved,  on 
ilMM'iiJnlion,  to  ho  putho^onic  io  rahhits. 

Tlinl  i«  I  ho  oii(»  iioint  to  which  1  wish  to  direct  your 
aili'lilioii.  Thn  mM'omI  \h  tluH,  that  not  only  docs  one  find  this 
lypo  nT  I'lnoiiic  piMMimoiiiu  f(»llowing  a  wcll-dcfincd  attack  of 
mimHo  pMCMiiMMiin,  hut  om»  also  frcijucntly  meets  with  cases  of 
miliorw'  phdiiMlK  when*  then*  are  localised  areas  of  ])ulmonary 
euhnih,  >*MmeiinM»H  uf  emiHidiMiihle  i»xtent,  which  run  a  chronic 
enuixe,  and  which  elini(*ully  idosely  simulate  the  localised 
ealanh  oT  earl>  tuherculosis.  Yet  when  the  s])utum  is 
esaiMiaed  uo  tuheich*  haeilli  are  fouml  while  pneunn)c<)( ci  are 
pvoneul  *rhe«e  catarrhal  areas  are  td'ten  hasaK  hut  they  may 
oeeui  aUo  ia  the  upper  lohes,  tu'  on  the  right  side  in  the  miildle 
\\\\\\y  This  iudeetl  is  one  t>r  the  modes  hy  which  the  disense  com- 
nuud\  pvt^^i esses,  I  eould  tjuote  one  or  two  cases  of  this  sort 
which  have  nMvutly  eome  under  my  observation,  and  the  idea 
that  the\  wen*  not  tuU^vular  but  pnd»ably  pneunun  ocial  in 
uatun*  isdi^tinetlN  indicated^  I  think*  not  only  by  the  abst^niH^  oi 
the  tuWn  le  ImeiUus  fnun  the  sputum  and  the  pivsem  i  of  the 
puemuoeoccus,  but  bv  the  (act  that  stneral  of  them  clcarvMl  up 
eom^vuan\el\  oui\kl\  under  tn^atment.  The  coniuu«tion  :> 
\\H^  tnH^ueut  u^  \h^  without  siguitieamv.  Imhvd.  tlie  !ii«':v  « ne 
uu\v*ni5f^Me>i  the  Imeleviob^x  of  lung  aft\vtious  auior.c>%  ih*:^ 
U^Uvl  uuuei>t.  lUe  uunv  one  is  strueK  by  the  almost  Vi::i\>r^>a-. 
pH^xvu\v  ^vf  the  puouuuH^HVXls  in  the  sputum.  For  ixativxt ,  :: 
ib^^  K^j^l  te\^  x|Hvimeus  %*f  spuuuu  fr\nu  iioi>:  iKr*  •:-;^*  •  us«^> 
v^\n^wuiu\U  pueuuuwsvi  >^vtx^  tvnuul  lu  t  :cl  :.  .*  vl  ::.  :  :^  v*?^> 
wWiv  iuvsu\^luvu  >fc5*^  pi;ivt:sn\l  iho  or^Air.siu  wii>  t*.   r   :  •       te 
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The  conclusion  one  is  led  to,  therefore,  is  that  the  super- 
vention of  tuberculosis  does  not  account  for  all  the  cases  of  the 
moist  type  of  miners'  phthisis  which  we  meet  with,  but  tliat 
other  infective  processes,  and  particularly  subacute  pneumo- 
coccal infections,  may  also  be  concerned  in  their  causation, 
especially  in  those  cases  which  run  a  less  acute  course.  In 
many,  no  doubt,  pyogenic  organisms  also  co-operate. 

Til?:    JXFLUKXCE   OF    MINE    GASES. 

And  now  let  me  mention  very  briefly  the  third  main 
causative  factor,  the  influence  of  mine  gases.  That 
a(;ute  cases  of  "  gassing ''  are  usually  due  to  carbon 
monoxide  poisoning  has  always  been  recognised,  and  Dr. 
Takes  has  recently  found  the  characteristic  spectroscopic 
appearances,  indicative  of  the  presence  of  carbon  monoxide  in 
the  blood,  in  more  than  one  fatal  case.  That  cases  of  acute 
irritant  pneumonia  due  to  poisoning  by  nitrous  fumes  also,  but 
much  more  rarely,  occur  is  likewise  known.  These  gases  are 
produced  from  the  nitroglycerine  explosives  which  are  used  on 
the  Hand,  and  the  more  imperfect  the  process  of  explosion  is, 
the  greater  is  the  quantity  of  these  noxious  gases  which  is 
generated.  From  these  facts  it  is  not  a  far  step  to  infer  that 
-a  subacute  or  chronic  carbon  monoxide  poisoning  may  be 
amongst  the  dangers  to  which  our  miners  are  under  certain 
working  conditions  exposed,  and  for  his  vigorous  insistence  on 
this  view  credit  is  due  to  Mr.  Heymann,  who  recently  advanced 
somewhat  strong  opinions  on  this  aspect  of  the  Miners'  Phthisis 
<luestion  before  the  Chemical  and  Metallurgical  Society  of 
South  Africa.  The  analvses  of  mine  gases  **  under  normal 
working  conditions  "  made  under  the  direction  of  the  Commis- 
sicm  on  Miners'  Phthisis,  which  are  published  in  their  lleport, 
and  which  show  for  **  normal  mine  air  "  an  average  value  in 
six  samples  of  0.13  per  cent,  of  carbon  monoxide,  have  given  this 
supposition  a  basis  of  experimental  evidence.  One  must  question 
whether  these  samples  are  really  to  be  regarded  as  representa- 
tive values  of  **  normal  mine  air  under  ordinary  working  condi- 
tions." They  probably  represent  conditions  which  are  excep- 
lional,  and  <me  would  like  to  see  them  repeated  and  extended 
before  they  form  the  basis  of  too  much  dogmatism. 
Ihit,  so  far  as  the  evidence  at  our  disposal  carries  us,  it  cer- 
tainly goes  to  show  the  existence  of  a  serious  degree  of  vitia- 
tion of  the  mine  atmosphere,  at  all  events  in  what  we  may  call 
*'  dead  ends,"  in  the  ends  of  rises,  drives,  and  winzes,  where 
ventilation  is  necessarily  less  efficient,  and  the  evidence  goes  to 
show  also  that  the  amount  of  carbon  monoxide  present  under 
these  conditions  jnay  be  sufficient  to  afVect  the  health  of  the 
workers,  and  produce  definite  symptoms  on  its  own  account. 
Miners  wouFd  call  these  "  bad  places."  The  recognised  effects  of 
■chronic  carbon  monoxide  poisoning  are,  in  the  general  order  of 
their  appearance,  headache,  and    neuralgic    pains,    progressive 
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»i,  .  Mi.i.    iml    111 f.ii  li li'-tviK*  w   iih    «'»rriion.   <|i'p'f*n«M*arirf»    inflani- 

»Mi' Ill"    I  In     mi     I- :     .mm!     'fihift  iiiir><    liU'lUiil   <1  l.-^T  iirhjUH^t*S.        Tile 

I  •••  liihi  I  i.,1  I  iMii  Afiu.  lull  I  .isri-'-j'  I  hat  ii  niiiiiT  v^orkin^ 
fit.    »riii<l.i,  III  :iM  Ii  I    '  li:i«t   |>I.M  f   "  «'..'i  M   -tUii^-j"  prnljiibly  frnm 

'  'm  1 .11  M    •  iti  lif  lit  iiKUKi  «  ulr   |HiHi.h  I II  gr      A  '»  .i   hi.l  (  t.-l'  nf  tarf,  if.  oftetL 

l»»:»i»'  m!  iIi.iI  -t  iiiiiin  \i-\\i  jiiii  ilial,  «  Ih-ii  In*  wai  vrorkinjT  m  a 
I » ■•     "i     III    ill  \  I'll  1 1  l.il»'i|    «lii\i'    « 1)11 1 1 II  iif  mmK     tnp    throp    i)r    SIX 

»M..iiili:.  Ill  Irll  iltiiiiifcir  lli.il  lliiii'  lli.il  \l^'  WA'*  nllt  nf  :4ortr4,  tluit 
li'  ^^  ■»  !  :l»-ii|il\  ^iMmvc  w«*akfi",  Ir^s  al)l<*  in  (In  his  work,  iiml 
iiicM     •^liiiil    mT   hfr.ilh,   iinlii    lill«lll^     he   '4fn])|)fM]    hi-*   Work.  OF  welit 

In  It  ••♦  Mil  |i-iil  III  Mh'  miin'  I  h«*ii.  In*  uili  t<'ll  \nii,  h«*  bej^an 
III  pi  I    IhMi  i    iivfrini       >Mi»  li    I  .MfM    ;i«4  ihis    ai<*  hot    infroi(iionr. 

'\y\i*    tiiiiiilli:   •liJ'ti.    Inl    (v.iliilih',    «|    |iMk-i|l'lil    iniiHT   raFliO    tn    in**. 

lit  \\  •*'"•  n  \iMiiifcr  iiKiii.  iivft't]  '^'.'i,  ;ihil  hail  \vi>il\«*il  rnfk-<lrills  in 
4(•lll^^•lll  Inl  hi  \r«ii<,  »\n\  Uti  ^i\  iiiniiths  ill  Soutli  Afri«*a. 
Ih  IkiiI  iIcIimiIi  i\  iii|if(iiii4  Mini  <4i(fiM  (tf  <4ill(ii««M  nt  tlu*  ilry  t>'pt^ 
•mil  \y  >i<  riUii  \ciN  riiiii'Miii  iiimI  thnil  ot  hlrath.  He  had 
\>iiil,i  i|  hii  ihir  •  iiiiiiitli<i  III  4i  "  M^a^^MX  «lM\r.  ainl  his  biiys  hati 
Ihi-ii  ^iw.miI  "  «!f\»'iiil  lmi«"<  iff  lia«l  no  tulH*n-h'  haoilli  in 
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Email,  and  bariily  siifHcient  to  lead  iia  to  regard  tliis  gas  iia 
impoi-lant  under  ordinary  conditions. 

I  ilo  not  prnpiiae  iu  tills  paper  to  disouas  tLo  question  of 
treatment.  The  "treatment"  at  miners'  phthisis  most  be  prf- 
ventivi'.  line  con  do  flomething  to  ameliorate  symptoms,  and 
it  is  possible  to  promise  to  a  patient,  in  whom  the  processes 
wbirh  I  have  deseribeil  are  not  too  far  advanced,  that,  if  be 
give  lip  iiiiilergroiind  vrork  alliigetlier.  Ibe  urgency  of  bia  symp- 
loniH,  ail  fur  espi;cially  as  they  are  diiH  to  catarrh  or  the  inHuenco 
of  vitiated  air,  will  be  greatly  ameliorated,  and  that  he  may 
(■njoy  many  years  of  comparatively  good  bealtb.  But  too  often 
tbi^  warning  and  the  promise  fall  on  deaf  ears.  f)ur  modern 
working  man,  our  modern  miner  at  all  events,  is  like  some  of 
onrsolves,  very  much  a  bundle  of  apeciulised  habits,  and  beyond 
the  narrow  scope  of  Ibese  activities  he  bas  no  outlook.  Often, 
ton,  he  may  litive  wife  and  children  depending  on  bini.  and 
rather  tban'  risk  tbc  chance  of  hardship,  with  health  already 
imparted,  wbicb  a  break  with  his  calling  necessitates,  be  will 
choose  tbc  graver  risk  of  a  fatal  persistence  in  it. 

And  therefore  what  we  must  aim  at  is  prevention.  A  Com- 
mission is  at  present  investigating  the  question  of  a  possible 
improvement  in  tlie  ventilation  of  our  mines,  which  might 
mitigate  Ibe  danger  arising  both  from  dust  and  gases,  and  a 
('onimittee  appointed  \i\  the  Chamber  of  Mines  is  engaged  in 
investigating  the  question  of  what  pracliral  devices  can  be 
recommended  for  reducing  the  generation  of  dust  in  drilling 
and  blaaliiiif  nperattfuis.  These  devices  mainly  depend  on  the 
applieatifm  of  water,  as  atomiser,  spray,  jet,  or  water  drill.  To 
these  bodies  the  mining  comronuity  looks  for  practical  advice 
to  aid  tbeui  in  reducing  the  incidence  of  miners'  phthisia,  and 
in  staying  «o  far  as  may  he  the  bigb  mortality  of  which  it  bas 
hitherto  been  the  cause. 

(Imo  point  more  in  conclusiou.  Why,  it  may  be  asked,  in 
miners'  piitliisis  apparently  more  prevalent  and  more  fatal  on 
■  ill'  |{:io(l  lliiiii  in  most  other  mining  eommunitiesi'  I  tbink 
Ibut  tlic  TiKiiii  iciisoiiK  are  tbeae : — First,  that  the  rock  ia  hard 
and  th'>  mints  ;m>  dry;  secimd,  that  the  number  of  rock-drillB 
used  ill  IIk-  nirni-i  is  proportionately  great;  and  third,  that  the 
quantity  of  cxpln-ivcc  used  is  also  proportionately  large. 
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PiiATK  XII.— Microscopic  appearances  of  commencing  fibroid  cliange  in  case  of  miner's 
phthisis  (x  50).  The  section  shows  here  and  there  pigmented  {MtrticleH 
in  the  walls  of  the  air  cells,  and  shows  also  the  special  tendency  of  these 
particles  to  accumulate  round  the  blood  vessels  and  bronchi,  there 
giving  rise  to  irritative  changes  and  the  development  of  new  fibrous 
tissue  Some  of  the  air  cells  are  seen  to  be  the  seat  of  <>atarrh  but  many 
are  normal.  The  aggregation  of  pigmented  particles  in  one  of  the 
interlobular  septa  is  also  clearly  shown.  8i>ecimen  i)rei)arod  by  Dr.  E. 
Hamilton. 

Plate  XIII. — Section  from  same  lung  as  No.  5  in  an  area  of  more  advanccKl  fibrosis 
(x  50).  The  nodules  here  shown  are  just  visible  to  the  naked  eye.  The 
development  of  the  fibroid  change  by  the  growth  and  coalesenee  of 
nodules  is  well  seen.  Six  nodules  are  shown  in  the  field  ;  in  the  two 
largest  the  blood  vessel  or  bronirhus  around  which  the  fibroid  change 
orii;ina1lv  developed  has  disappeared,  the  others  still  show  the  blood  vessel 
or  bronchus  in  the  centi*eot  the  discrete  nodule.  The  surrounding  air 
cells  are  in  a  condition  of  catarrhal  inflammation  and  numerous  pigmented 
particles  can  be  seen  in  their  walls.  Specimen  prepared  by  Dr.  K.  T  ^ 
llamilton. 
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17.— MITKS    (IN    SOME    PATIIOUENIC    BACTERIA    AS 

FOUNI)  IN  TIIK  TRANSVAAL,  AND  THE  VARIATIONS 

FKtiM    TIIEIU    ElltOPEAN    PROTOTYPES. 

Hv    !■'.     11.    .losKI'll,     A.SSIST.\.NT    B.VCTKItTOI.OGIST,     OoVEHNKENT 
LA1JOR.ITOKIES, 
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mill  tliis  appears  to  be 
February,  1903.  So 
tliiit.  wliot  lifllc  knowleilg;!'  we  liave  of  the  science,  in 
its  iipplitiil ion  to  ttie  peeulmr  conditions  of  tbis  country,  bas 
been  prartieally  all  ac(|nii-pd  during  the  last  fifteen  months. 
Bnt  Ibis  brief  period  lias  been  suffieient  to  show  that,  not  only 
is  the  batterinl  florii  of  tbn  Tranavaal  far  different  from  that 
of  Great  Briliiiii  inul  llii;  Cimtineutal  countries,  but  that,  owing 
possibly  to  cliiiiatir  inHiiciHcs,  many  of  the  recognisable  micro- 
organiHuis  cxhiliil  riiiisMlcraliU'  niod'ificiiliou  from  the  European 
types. 

It  is  (be  purpose  of  this  paper  to  indicate  bi 
the  more  striiiiiig  pitints  of  iliffcreiice  lliat  I  li 
with  regard  to  the  distribution,  morphology,  v 
cultivation  of  a  few  of  tlio  pathogenic  bacteria 

rHErMOCOCTL'S. 

The  Pneumococcus  is  the  "  i^ausa  ransans"  of  t>neiimonia, 
and  freijuently  of  nieniiigilis  and  other  allied  conditions. 

These  diseases  are  verv  prevalent  among  both  the  white 
and  black  jiopuiationti  of  this  Colony,  and  account  for  a  con- 
siderabhi  percentage  of  the  annual  death-rate. 

Not  only  is  the  I'licumiicoecuB  escoedingly  common  in  this 
country  (being  I'nund  in  ii(  least  70  per  cent,  of  normal  sputa). 
but  it  is  present  in  -.t  highly  pathogenic  form. 

l)rs.  Eyre  and  Washbourn,  of  Guy's  Hospital,  London,  in 
their  paper  on  "  The  varieties  and  virulence  of  the  Pneumo- 
eoceus,"+  state  that  they  had  exalted  the  virulence  of  a  certain 
strain  of  Pneumococcus  to  such  a  degree  that  one-millionth 
part  of  u  loopful  (capacity  of  a  loop  about  ^  milligram)  of  solid 
Cttllivation  of  this  organism  killed  a  rabbit  in  twelve  hours. 

In  the  Government  Laboratories  Iiere.  we  have  strains  of 
the  Pneumococcus,  isolated  from  cases  of  pneumonia  occurring 
in  Johannesburg,  which  are  of  such  virulence  that  une  Ini- 
millionUi  part  of  a  \oap  (of  approximately  equal  size  to  that  nf 
Eyro  and  Washbourn)  in%'ariably  proves  fatal  to  the  animal  in 
the  stated  time.  Therefore  it  is  reasonable  to  assume  that  the 
Pneumococcus  of  the  Transvaal  is  at  least  ten  times  as  vim- 
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difference  I  have  observed  in  its  cultural  reactions  is  that^ 
whereas  the  European  Pyocyaneus  produces  a  slight  acid  re- 
action in  both  lactose  and  saccharose  broths,  the  Transvaal 
strain  invariably  renders  these  media  strongly  alkaline.  Its 
growth  on  other  media,  pathogenicity  and  property  to  produce 
pyocyanin,  are  all  identical.  The  chief  point  of  interest  to  us 
concerning  this  organism  is  the  comparative  frequency  with 
which  it  is  present  in  our  water  supplies. 

In  the  British  Isles  this  bacillus  is  a  verj-  uncommon  in- 
habitant of  drinking  water. 

Dr.  W.  C.  Pakes  has  made  several  thousand  bacteriological 
examinations  of  water,  collected  from  all  parts  of  Great  Britain, 
but  has  isolated  it  only  twice;  yet,  I  have  found  the  typical 
Pyocyaneus  on  no  less  than  six  occasions,  out  of  a  total  of  only 
450  waters,  collected  from  different  sources  in  the  Transvaal. 
We  have  not  yet  been  able  to  determine  the  cause  of  this  phe- 
nomenon, but  in  each  case  the  number  of  other  bacteria  has 
been  excessive,  and  the  water  has  been  bacteriologically  con- 
demned. 

BACILLUS   TESTIS. 

The  outbreak  of  plague  in  our  midst  is  sufficient  cause- 
to  warrant  a  few  brief  remarks  on  this  organism. 

The  B.  pcstis  is  the  prime  cause  of  plague  in  its  three 
forms — bubonic,  septicaemic,  and  pneumonic. 

As  you  are  aware,  it  is  the  latter  type  which  at  present 
prevails  in  Johannesburg  and  district. 

There  have  already  been  a  few  bubonic  cases,  and  it  is 
probable  as  the  plague  diminishes  in  virulence  the  pneumonic 
variety  will  gradually  give  place  to  the  bubonic. 

A  noticeable  fact  in  connection  with  this  epidemic  has  been 
the  extreme  rapidity  of  the  progress  of  the  disease.  In  most 
of  the  earlier  cases,  the  onset  of  the  symptoms  had  a  fatal  ter- 
mination in  less  than  48  hours,  and  frequently  in  24  hours. 

The  characteristic  bacilli  are  often  present  in  the  sputum^ 
or  even  in  the  saliva  of  living  cases.  After  death  microscopi- 
cal examination  of  the  lung  juice  reveals  large  numbers  of  the 
bacilli;  the  blood  usually  contains  them  in  small  numbers,  as. 
also  the  spleen  and  other  organs. 

In  the  lung,  the  plague  organism  is  often  found  associated 
with  the  Pneumococcus,  and  it  is  on  this  account,  as  well  as 
the  similarity  of  the  symptoms  and  "  post-mortem  "  appear- 
ances, that  pneumonic  cases  of  plague  are  sometimes  recorded 
as  ordinary  rapid  pneumonias ;  and  it  is  not  until  the  bubonic 
form  appears  that  their  true  character  is  known. 

The  Vanlht.^  pcstis  isolated  during  the  present  outbreak 
is,  as  one  would  expect,  one  of  highly  virulent  type.  Guinea- 
pigs  inoculated  intraperitoneally  with  a  pure  culture  of  the 
organism  die  in  from  24  to  48  hours. 

On  one  or  two  occasions  injection  of  half  a  c.c.  of  sputum,. 
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which  contained  the  bacillus,  was  followed  by  the  death  of  the 
animal  in  less  than  five  hours. 

The  plague  bacillus  is  well  known  as  a  verj^  pleomorphic 
organism,  and  varies  enormously  in  its  shape  and  size,  but  we 
have  once  or  twice  met  with  a  peculiar  form  in  sputum  whicli  I 
have  not  yet  seen  described.  When  stained  by  Gram-Weigert's 
method,  and  counterstained  with  fuchsin,  the  usually  rather 
faintly  coloured  bacillus  is  seen  to  have  a  rounded  body  at  either 
pole,  which  retains  the  violet  stain,  and  at  times  has  an  appear- 
ance similar  to  that  of  the  Diphtheria  bacillus,  when  stained  by 
Neisser's   process. 

I  am  not,  at  present,  in  a  position  to  say  if  this  has  any 
significance,  as  the  poiiit  is  still  '*  sub-judice." 

I  have  noticed  also,  that  our  7i.  pest  is  grows  with  remark- 
able rapidity  on  the  usual  artificial  media.  As  described  in 
the  text-books,  it  requires  24  or  even  48  hours  to  produce  a 
visible  growth,  when  incubated  at  the  body  temperature.  We 
have,  on  several  occasions,  in  our  laboratory,  obtained  a  good 
culture  on  agar  and  broth,  after  only  seven  hours'  incubation. 

On  the  surface  of  gelatin  also,  the  colonies  develope  sooner 
than  one  would  expect,  being  apparent  in  from  24  to  30  hours, 
instead  of  recpiiring  two  or  three  days. 


18.-THE  SCIENCE  OF  BACTERIOLOGY  AND   ITS 

COMMERCIAL    ASPECTS. 

By  W.  li.  JoLLYMAX,  F.I.C.,  F.C.S.,  etc. 

It  is  not  my  intention  this  morning  to  weary  you  with  a 
long  technical  description  of  the  methods  of  hacteriological 
investigation,  but  I  think  it  advisable  to  mention  the  chief 
characteristics  of  bacteria,  and  to  give  some  idea  of  the  means 
adopted  for  their  isolation  and  identification. 

Bacteria  are  single-celled  organisms  occupying  a  position 
near  the  bottom  of  the  scale  of  living  things,  and,  being  uni- 
cellular, their  structure  is  of  the  simplest  nature,  consisting  of 
a  cell-wall  containing  protoplasm. 

Dividing  bacteria  into  two  general  classes  according  to 
their  shape,  we  have  bacilli — which  are  rod-shaped — and  cocci, 
these  are  spherical. 

The  method  of  reproduction  is  probably  asexual,  a  mature 
organism  simply  divides  into  two  complete  cells,  and  as  this 
division  may  take  place  every  twenty  minutes  (uie  can  appre- 
ciate that  in  24  hours  a  single  bacillus  would  have  a  family  of 
hundreds  of  millions. 

A  single  bacterium  is  so  small  (about  1-20,000  of  an  inch 
in  length)  that  it  can  only  be  seen  under  the  highest  powers 
of  our  microscopes,  but  when  very  large  numbers  develop  in 
one  spot  their  presence  may  become  evident  to  the  unaided  eye. 
As  occurring  in  nature,  bacteria  may  be  divided  into  two 
groups — the  parasitic  and  the  saprophytic — but  members  of 
the  former  class  do  not  always  require  a  living  host,  and  some 
of  the  latter  may  at  times  become  parasitic. 

The  disease-producing  organisms  are  chiefly  found  in  the 
parasitic  group,  but  many  members  of  this  class  have  normally 
no  pathogenic  properties. 

The  identification  of  any  bacterium  is  accomplished  :  (1) 
By  its  microscopical  appearance,  and  power  of  locomotion  when 
in  a  suitable  fluid  medium;  (2)  by  its  affinity  for  certain  aniline 
dyes;  and  (3)  by  the  character  and  chemical  reactions  of  its 
growth  upon  culture  media.  The  culture  media  have  usually, 
as  a  basis,  a  watery  extract  of  meat,  to  which  various  chemicals 
may  be  added,  and  which  may  l>e  solidified  by  the  addition  of 
gelatin  or  agar-agar  (Japanese  sea  moss). 

Other  media,'  such  as  milk,  slices  of  potato,  bread,  wort, 
beer,  eggs,  solidified  blood  serum,  etc.,  are  also  used.  To  deter- 
mine the  causal  relationship  of  any  bacterium  to  a  given  dis- 
ease, it  is  necessary  to  isolate  the  organism  from  the  body,  and 
to  reproduce  the  symptoms,  or  induce  death  by  inoculation  of 
the  culture  into  some  animal.  As,  however,  in  some  cases 
human  diseases  are  not  communicable  to  animals,  we  have  to 
assume  from  the  constant  presence  of  the  organism  in  the  part 
of  the  body  affected  that  it  is  really  the  cause  of  the  condition 
observed.  Of  the  parasitic  bacteria  which  are  not  usually 
associated  with  any  disease  there  is  a  large  number,  and  the 
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'  Jiile  Ihfiv  play  is  not  ulways  easy  tij  lU-tfrinine:  tliev  ni«y  be  of 
Use,  or  tlipy  may  he  iiiercly  adventitious.  Of  the  nori-patlio- 
<■  ( ail  safi'ly  say  tliat  moiiy  aru  nf  the  Ricatciil 
i\,  ill  that  they  uiv  tltc  iiltiinate  tactnrH  hriug- 
.iii|.ltli>  <loc.-oiiipnsiliiin  of  tlie  waste  and  in- 
"t  Mil'  animttl  nrpuiiism.  That  scimc  inuTahcrs 
ir  K'.'itp  iiul.TniLtir  Ihi'  fertility  of  «  soil  is  a 
iiMC  '.I'  wliii'li  liuiiiul  Im'  ch'iiioil,  anil  iiinviiilnys 
il  pMiccyscs  iii<'  Imsi'il  npiiii  mil  Uiittwlcilfri'  of 
■\i  liriiiK  abmit  licsiiml  t-lumges  in  organic  sub- 
inbjci-t  will  be  dealt  with  at  ffreater  hingth 


s  |>r 


ins  about  lb. 

.ill 

..f  the  , 

fat't.    the   [i.i| 

inuny  •'UMitK 

the  bniU'riii 

,  atancL's.  but  tlii 


I  later  on.     You  may  perliups  say,  "  The  aeience  of  baclcriology 

I  may  be  very  inteivslinff,  but  wbiit  pra<-tii'ai  results  acerue  from 

i  its  study  i*"    The  object  of  this  paper  ia  largely  to  answer  that 

I  '^nestion,  and  I  will  divide  my  reply  into  four  scotiniis,  show- 

ling:  — 

I  (1.)      The  nsBistanre  the  sri.-ni 

I  matipr  of  iliHgnnsts  of  disease. 

(2.)     Tiic   improved    treatment     and     enosmnient     lessened 
mortality  resnltiiig  from  a  knowledge  of  the  eiuisiil  agenlf*. 

(i^.)'   The  public  heallh  and  sanituiy  seienee  aspeits  of  the 
\  atudy. 

(4.)     Tiie  work  bneteria  di 

1.     More  rapid  diagnosis  n 

teriology  in  llic  iniijorily  uf  ••: 

plieniiioniii.   |ila(,'iir,  c-otciii'   irv 

fever,  ;iulbruN.  mid  inlanders  in 

^^    oase  of  animals  especial   menli 

^K    losts  and  glanders.     It  may  be 

^H  hacteriolo^ical  diagnosis  is  niadi 

1 


Take  diphtheria,  for  instance. 
[  Kore  throat,  .some  .if  the  exudate  fro 
I  microseupically.  ami  by  ''ullnre  in  m 
I  limirs,  and  freiiucnlly  witliin  :ill  mini 
I  hia  reanll.  wliicli,  if  positive,  is  ijiiile 
rjirell,  tlieie  is  only  a  small  <-hai 


I  the 


in  other  than  medical  fields, 
I-  III'  made  with  the  aid  of  bac- 
■w  of  diphtlicria,  tuberculosis, 
,  IiiHmctijiii,  I'liolera,  puerperal 

III'  III II  Mdijcct.  and  in  the 

,  sliouid  b-  made  of  lubt'rcu- 
of  interest  to  mcnfion  bow  the 
of  the  above  c 


■ijoeat  treatment  of  the 

rnpon  an  early  diagnosis,  the  valu 
aminRtinn  is  obvious. 

Tntcrcle  bacilli  are  very  oftci 
of  tuberculous  patients  long  befor 
<!0ald  he  made,  and  here  again  Ihf 
followed  by  suitable  treatment, 


A  child  enrapiains  of  a 
n  the  fauces  is  examined 
liable  media.  Within  12 
Ics,  the  biicteriologist  bus 
li-finile.  and  if  negative— 
ind  as  in  the  siibse- 


life  of  the  child  often  depends 
of  that  bactcriologiciii  c 


found  in  the  expectoration 
a  certain  clinical  diagnosis 
value  of  an  early  diagnosis, 
veil  known  that  there  need 


be  no  more  said  on  this  point.     In  puerperal  fever,  pneumonia, 
etc.,    the    bacteriological    examiniilion    is    often    allemled    with 
,   great  lienefit  to  the  patient. 

L  Before  discussing  plague,  I   shonld  like   to   mention   that 

[  this  paper  was  commenced  some  weeks  before  Ihe  presence  nf 
I  plague  in  Johannesburg  was  discovered.  However,  at  the  pre- 
[  Bent  time  [  sec  no  reason  for  altering  my  opiniotis  as  put  down 
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Ill  Joimary.  At  tliat  lime  I  wiott- :  "  This  disease  ie  of  apecialB 
interest  to  the  dwellers  in  all  »ul)-tropical  coiintrica,  so  I  Bhalll 
uiiike  no  npology  for  (fiving  a  somewhat  lenglheued  descriptiottj 
of  the  methods  of  diagnosis  and  preveuliun.  So  far  this  i 
try  has  been  fioe  from  plague,  iiml  that  it  may  long  remain  sol 
la  the  earnest  wish  of  all,  and  J  am  in  a  position  ti>  assure  you  J 
that,  should  Iliis  dreaded  disease  appear,  it  will  never  gaiit  a  I 
foothold,  provided  the  inhuhitanis  eo-operate  with  the  niedicul  f 
oIKeers  in  wirrying  out  all  necessary  preventive  measures." 

As  is  well  known,  plague  is  largely,  if  not  entirely,  carrie(L|I 
from  an  iiifeetcd  area  tu  a  new  distriet  by  rata.  UliviouBly.f 
therefore,  we  should  subjeist  every  rat  found  dead  to  a  ettrefull 
barteriologieal  examination.  Tho  result  is  obtained  verji 
rapidly,  and  should  be  followed,  if  a  positive  diagnosis  is  giveiitl 
by  a  eriisade  ngainst  all  the  rats  in  the  diairiet.  Before  thftX 
appearunoe  of  most  plague  epiileniics  of  reeeni  years,  large-l 
numheiM  of  dead  rats  have  been  discovered.  The  present  ou(~l 
break  has  been  i-emarkable  in  thiit  the  authorities  had  no  fore-, 
warning  in  the  shape  of  plague-strieken  rats  previouu  to  thai 
outbreak.  Had  these  dead  rats  appeared,  preventive  mfla8ure&4 
would  have  been  adopted  in  the  case  of  every  persim  who  had  f 
been  liable  to  infeetiou.  The  disease  itself  may  be  diagitoseill 
hacteriologically  at  a  very  early  stage,  so  you  will  see  that  J 
lieiug  forewarned  we  are  also  forearmed.  But  time  is  short, 
and  I  must  pi-oceed  to  the  second  seetion  of  my  reply.  Tli&l 
benefieial  results  of  an  early  diagnosis  are  obvious,  and  bac-  1 
(eriology  has  given  us,  in  many  cases,  specific  cures  for  those  I 
diseases  which  arc  caused  bv  bacteria.  I  refer  to  the  antito3Ein&" 
and  therapeutic  sera.  Perliaps  the  reasouinff  which  led  bae- 
teriulogists  to  think  that  lliese  sera  might  be  of  service  Bn<l 
the  methods  of  their  preparation  are  not  ]M>pularly  known,  an 
a  short  description  may  not  be  oiil  of  place.  In  a  case  of 
typhoid  fever,  it  has  been  found  that,  afler  a  few  days'  illness,  J 
tile  patient's  blood  baa  a  marked  and  very  characteristic  action.! 
Upon  typhoid  bacilli  grown  in  artificial  media.  As  this  actiouf 
appeai4  to  be  au  inimical  one,  it  might  be  thought  that  the! 
organisms  causing  the  disease  had  produced  in  the  blood  some-l 
substance  antagonistic  to  the  causal  bacteria.  Tliat  a  similari 
state  of  affairs  exists  in  artificial  cultures  we  have  abundant  I 
evidence.  In  view  of  these  facts  it  was  supposed  Ibal  the  bloot)] 
from  diseased  people  might  have  a  beneficial  eft'ect  upon  tb[^l 
course  of  the  same  disease  in  another  patient;  but.  as  human  ■ 
blood  is  not  usually  available,  recourse  had  to  be  made  to  an  I- 1 
uial  experiment,  and,  speaking  generally,  the  procedui-e  ia  as| 
follows:— An  animal  which  is  susceptible  to  the  disease  is  i 
oculated  with  a  dose  of  bacteria,  which  has  been  found  experi-J 
mentally  to  he  too  small  to  cause  death.  Probably  for  a  tiinal 
the  animal  will  fall  sick,  but  soon  recovers;  a  larger  doae  isl 
then  administeied,  for  it  is  found  that  the  animal  ia  now  ootf 
80  susceptible  to  the  disease  as  at  first;  and  so  gradually  ia-^ 
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E«reafling  doses  are  injected  until  it  becomes  prnetically  impos- 
7  nble  to  kill  the  animnl,  even  tliniigb  the  final  dose  may  he 
I  more  than  a  million  times  as  mucli  its  witnld  have  killed  it  iil 
first.  Ilavinp  now  maile  the  animal  immune,  its  blowl  is 
[  iound  to  have  a  marked  disinfectant  aetion  (either  bactericidal. 
,  it  aitiinlly  kills  the  invading  bacteria,  or  antitoxic,  nvw- 
[  "tralising  the  poisonous  snbstanceB  produced  in  tbe  body). 
I  A  quantity  of  blood  is  now  drawn  from  the  body  of  the 

I  experimental  animal;  this  is  allowed  to  clot,  and  the  clear  fluid 
T  separatine  is  carefully  preserved,  and  forms  our  antitoxin  or 
j  «erum.  There  are  other  methods  by  whieb  haeterial  remedies 
I  »xe  prepared,  some  of  which  do  not  neeessitate  the  use  of 
[  animals,  but  the  most  effective  a^iits  are  prepared  from  bl(«id. 
The  bacterial  sera  may  occasitinally  be  used  as  preventive 
wines,  but  their  action  is  grencnilly  curative  only. 
A  few  words  on  the  observed  results  of  the  use  of  some  of 
I  iheae  sera. 

In  tbe  case  of  diphtheria  antitoxin,  tbe  beneficial  effect  of 

■  "its  injection  into  diplitlieritie  patients  will  readily  be  seen  when 

~  I  say  that  in  1891  in  Londtm  22.5  per   cent,   of   the   cases   of 

'    <iiphtherin     were     atlemied    with    futnl    results,    and    in    1901. 

-although  diplitlieriii  hud  been  gic;ttly  on  the  increase,  only  II 

per  cent,  of  the  palienia  died  !  the  ffreiit  decrease  in  the  deiilb- 

rate  being  due  solely  to  tlic  fiict  lliiil  baeleriology  permitted  of 

|_.an  earlier  and  more  definite  diafrnosis  than  clinical  methods. 

tnd  that  the  study  of  this  science  bad  given  the  mediral  profes- 

^on  a  therapeutic  agent  of    far  greater   value    than    had  been 

Masessed  before. 

A  very  large  number  of  experiments  have  been  cairied  out 

rith  plague  sera  in  India,  and  white  these  results  have  not 

ten  confirmed   in   other  plague  epidemics.  I  will  quote   one 

latemcnt  relative  to  the  value  of  the  use  of  prophylactic  in- 

leulation.     Captain  Leiman,  of  the  I. M.S.,  staled  that  be  bad 

riormed  over  .VO.flOO  inoculaiious,  with  a  resnlling  decrease 

(  90  per  cent,  in   the  nnmber  of  jjersons  attacked.       (In  the 

Itnise  of  the  .lohannesourg  epiilemic,  it  must  be  remembered  thai 

vihe  plague  has  assumed  the  most  deadly  form— the  pneumonic 

-and     Captain     Leiman's     experience     was     gained     when 

I  working  with  tbe  bubonic  type.) 

Pneumonia  is  a  disease  which,  in  this  conntry,  ia  an  deadly 
_j  tuhereulosrs  in  England,  and  at  the  present  time  little  can 
I  lie  done  to  check  its  ravagca.  However,  there  are  good  grounds 
rfor  hope,  and  I  may  say  that  there  is  siiffieient  evidence  'hat 
[  Iwforo  long  l!ie  dciilli-ride  from  pneumonia  in  South  Africa 
I  will  be  very  malerially  rcdu.ed.  In  I'^ngland  (lie  disease  has 
rbepn  "ludied.  and  our  knowledge  Ri^eatly  advanced,  bv  tbe  late 
i  Dr.  Washboum  and  Dr.  Eyre,  These  workers  paved  the  way 
I  'for  future  bucterioloirists,  and  have,  by  their  researches,  largely 
"  increased  the  possibility  of  production  of  an  anti-pnenmococcie 
'  Bf^rum.     At  the  present  time,  however,  the  most  valuable  serum 


2M  KaMar— E)H4. 

>»  >r.wtni*#fl  in  trju-}  h^  F^d»?wfic  t\in^,     I-  i»  wm  «ac£y  as  figr 

U'      tr  j4>rr    fat\nr:a    :??*Tlll*it7   ^'Ullit  Iia;^??*-  *7jkia»tL 

r  ^;^"c^'*  .i«\»i»*  J:"^U»^  aii\c^  "iiaa  ^?:;ikr^  ciicaiAni^a^T"  iittsM  Af 
'.i»»  f.%»*",*  v.4*»»;hi  Vdtr*  ?>»i  *r^  -»<ii&»i#»^i  ^1  TUKtzfj  •mis-  sat  Im^ 

•v4(rt  'A^l/  >,^Hfr%  4^/1;;!*-  ^*Si   Si  i*rw  fjff:^*ir^x*^.     Tlii*  lieixdr  sci,  it  ibat 

Kvt  'b*-M*i*=tr>  d'j^-*  liOt  |pf»  far  euon^li-     Bac-terio1o|ry  Bot 

'fhh»   ^^L'^»♦  'Tf^JitafiiJjuatj^rij.  wLi^L  Hjay  he  sc*  «^]i|rliT  as  to  lia^e 
*-^  ;tp^4  '5*'i^"tjofj  hy  ^'b^ioif^l  iiieib<«d*,  but  it  al<»c«  deiDonstrmte^ 

ih*'  '/r;jr.'Xj  *i*  that  <-^;utiiminatioii. 

It  J*  u*A  iny  jijt<-ijtir»D  to  di<<-u55  funLfr  tbe  relative  values 
"f  th"  '  h'-f/jjf-a]  and  l*a<-t<-no]ng"ic^l  exaiii!iiaTir»ii  of  water  for 
^;//j"  J*  *1joti.  and  I  wi^L  t/»  plac-e  before  ytm  established  facts. 

Ji  ha«i  }je«-D  fitated  tbat  tbe  bacillus  of  tvphoid  fever  is 
w'Ido;/j  j*»ri]at*^i  inmi  drinkini?  water,  but  oreanisms  which 
TfjtjM  r/iifje  from  tbe  intestines  of  some  animal  or  man  are  foand 
\u  tbe  sT'wajre-contaminated  water,  and  are  abfsc-nt  from  un- 
j>^illii1-f'd  f»applies,  ben<*e  the  bacteriobtg-ist  feels  justified  in  con- 
♦b'lxjfjii)^  as  unsafe  any  sample  of  water  containing  these  intes- 
tinal r»rpranisnis,  for  tboupli  at  the  time  of  examination  no 
typboirl  ])ar-illi  are  found,  who  can  say  when  tbev  may  not  in- 
fect «uch  a  water,  and  it  is  better  to  bxk  your  stable  door  always 
than  risk  ]<>sinp  your  boise  by  insuttic  ient  care. 

In  the  Maidstone  epidemic  in  England  in  lSfC-98  there  is 
abnolutely  no  question  that  if  tbe  town's  water  supply  had  been 
|H'riodically  and  fre<iuently  examined,  tbe  epidemic  would  have 
l>een  T>re vented. 

To  pass  to  another  disease,  communicated  larijtdy  by  pol- 
luted water,  fortunately  no!  cpitbMuic  in  this  country —<holera. 

Durine  tbe  ^reat  cludcra  epitbMuic  in  Hamburg  (Altona) 
W  was  proved  l>eyond  ijut^stion  \\\\\\  tbe  disease  was  due  to  in- 
fected water,  for  in  <»ne  street  it  happened  that  tbe  bouses  on 
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one  side  wore  Bupplicil  willi  the  pitlhited  water,  ami  the  inhabit- 
ints  were  ileriinati'il  by  tliu  disouBO;  tbe  olUor  side  (if  tbe  Bt.reet  . 
lad  u  piir(!  siipjily,  iiml  the  iiilinbitaiits  were  free  frnm  cbnlera. 
This  wourrt'd  in  Hie  ii^fanry  of  bacteriology,  when  Koch  was 
making  some  of  tlioHc  reiumkable  discoveries  which  set  bac- 
;criolugy  on  h  Monnd  basis:  such  a  state  of  atfuirs  coiihl  not 
exist  nowadays  if  the  water  supplies  were  carefully  examined. 

It  is  impossibU-  tn  gii  into  Ihe  queslion  of  investigation  of 

„ilk  for  diphtheria,  elc,  or  the  means  adopted  for  flopping  oiit- 

brtjaks  of  tlie  disuase  in  schools  by  carefnl  examination  of  the 

tliroats  of  all  subject  to  contagion,  but  the  work  is  lieing  re- 

3aledly  undertaken  lu  Knghiiid  and  elsowliere  with  most  salis- 

letory  rosiilfs. 

The  subject  of  public  heallh  would  not  be  complete  unless 
imc  reference  was  made  lo  sewage  disposal. 

This  nuiltcv  is  easily  dealt  wilh  in  the  case  of  (owns  eitu- 
Uted  by  the  sea  or  lidiil  river,  the  sewage  being  conveyed  hy 
pipes  to  a  suitable  distance  fnmi  (be  shore,  and  being  dis- 
charged on  the  ebb  tide.  This  is  simple,  and  in  some  c^ses 
aatisfactory :  that  il  is  not  always  safe  has  been  proved  by  the 
typhoid  epidemic  two  years  ago  in  England,  when  the  disease 
unqnestioinibly  spread  by  oysters  from  sewage-contaminated 


beds.     Moi 
and  why  shon 
dncing  matlei 

In  iohiii.l 
that  rivers  tl<. 
admits  of  till  I 

What  !iat 


.  a  mixed  sewage 
I  thousands  of  pounds 


Ihr 


I  Ibe  s 


n  high  manurial  value. 
wortii  of  good  crop-pro- 


I  is  more  difticult  of  solution: 
ivitifj  lii'iir  liiifri'  towns  should  not  receive  sewage 
onh;idiilion.     What  is  to  he  done? 
^^  i  hitherdi  been  done  has  depended  largely  upon 

ocbI  circumNlunce.  If  there  is  ample  land  to  be  easily  obtained 
1  the  neigbbouriiooil,  the  sewage  has  been  passed  on  to  it,  the 
.ind  has  been  farmed  with,  in  many  eases,  very  satisfactory 
IVBuItB.  For  some  years  past  experiments  on  small  and  large 
icalsa  have  been  carried  ont  to  endeavour  to  determine  if  it  is 
possible  to  make  use  of  Nature's  own  method  of  gettinic  rid  of 
eStete  matter,  and  also  if  thai  method  is  capable  of  improve- 
luvnt.  The  baeteriiiliigrial  purification  of  sewage  is  largely 
praotiaed  at  home,  rcsulling  in  an  enormous  saving  of  time. 
and.  and  lalmnr,  I  will  give  a  very  few  words  on  the  method, 
lilt  I  trust  they  will  suFRee  to  show  that  tbe  scientific  method 
B  im  improi-euK-ut  upon  the  older  farming  process. 

The  decomnosition  of  sewage  is  eftcctcd  by  allowing  (he 
barU^ria  normally  in  the  sewage  to  act  upon  it  in  fairly  deep 
tank)!  filled  with  coke. 

The  first  part  of  the  process  lakes  place  in  Hie  absence  of 
ir.  the  sewagi'  is  Hien  allowed  to  pass  into  another  lank  where 
the  air  has  ca^iv  access,  and  after  this,  if  Ibe  fluid  is  allowed  lo 
tindergo  slill  further  purification  in  Hie  presence  of  air,  Ibe 
yesulling  efllucnt  is  clear,  inoffensive,  will  not  undergo  furlber 
niposition,  and  may  be  used,  if  possible,  for  agricultural 
purposes. 


1'4^  Ketokt— 1j«:»i 


-  k  •    '"' 


rf  irg*?  "-f^  i.::jiyei>oii$  =iArr*-r:  tli*  £*,  by  the  first 

wii^-i  a^L^-f-ii*  i*  C'Cj*'  'if  TS*  '.ii^f :  ihr  ^^:^y^i  ♦»mplete*  the 
•v^-rk-     Iz.  tL*-  pr*-se-ir*  cf  rx^Tr-?*  .:f  iir.  Ti:?-  ?»» 'rria  pni^dnc-e 
fr-.-CE  :L*  *mi.<'-ia  rr-rnp: -ir^*  tLit  r-f-rr^-T-f  vLi-A  are  ^-sseHtial 
••I'  ^h^  rr:-w-ri.  cf  ELr««:t  plan*. 
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H^-r^  I  nizi-i  pr«:*£:aVy  r^f^r  !»•:£  *  s •n.r-  •■£  ;Lr  work  of 
*>z:^  cf  tL^  foir.'irrr*  of  n'>i^ni  ltt*?T»rri*>l'>CT — Pa>*enr. 

SorrLr-  «: f  Li*  earlir-?:  w.-rx  w^i*  d:r^":Te»i  t-  ir^ir^i*  discoxering 
•be  ca^«*r  vf  ^^e-r  an-i  >:Iir»^  m;  d:>^u?i?^  z\.^z.  :•*  investigation* 
:r.to  iL*-  f^m^r-i.Tat:«>ii  pr^>b;rni*  •--f  w:-»-  ai_-i  f^rr-r-makinfr.  and 
LO  o:."**  wL*>  La*  tad  any  t-xpr-rirH'tr  :i.  :i-«*iera  brewing  will 
d€-E:T  that  :Lir  rf^ult*  aoLir^Tvd  nvwa.iay*  ar^  ii:£iiitely  belter 
than  thc«5e  of  tLirtr  veai^  ajro.  Ki»  xeriolv^irv  Lavii;e  shown,  not 
only  the  g^rm  f-aTi^e  of  KiJ  rvsi'.t*  in  brrwinc'.  bn;  also  how  to 
prevent  the  ^'^riiis:  oi  a!i»h«^l: '  -:i>i>.  ani  ni»"*re.  tow  to  im- 
prove the  femirnted  lioT^'^r  by  ir.-:*  ^I'a*:' i:  *'i  tte  Ria<he<  with 
sni table  yeast*. 

Tiniv  will  n«".t  perrm::  *'f  mri'-t  rj.'>iv  iLaa.  pass-iiig'  reference 
to  raanv  of  the  use*  •*!  ba.^ terra  ia  tte  trades,  bat  I  should  like 
to  make  si^via!  mention  »'f  s»^nie  of  the  Iesc>er  ki;«^wn  pn.^^esses. 

Vinegar  and  vider-niaking  I  will  pvii*  "ver.  The  influence 
of  bacteria  vn  butter  is  ereat,  and  tte  vii>*.«  verv  of  the  eause  of 
the  souring  •■£  butter  has  !t-*l  to  :mpr»»vtd  :ikrrh«^Is  of  mannfac- 
fure.  Burner  fat  a!'^n»*  Is  no:  a  g\-H:  n:^r:<  :  t  Ki-ttria.  but  when 
mixe^i  wi-^h  water  and  s»>nu-  uirnger.  •!<  >':W:an«e  it  is  readily 
turned  ran*  :-l-  Without  tte  r.:rrt>g^::-^::>  u-aterial  the  l»a«teria 
«"annot  develop.  s*>  butter  which  is  intrv.  it>l  :•*  kt-ep  in  jfi^^id  con- 
dition f-^r  anv  length  or  time  should  K^  as  :rv*-  as  p«>ssible  from 
«  urd.  This  fa«  t  has  !^\1  to  the  iutn^tn.  tii  r.  oi  impn>veil  forms 
«>f  separators,  with  *^>rresi>«>iidinglv  s^itista-  otv  results. 

The  ripening  of  ohtvse  is  eutir\"Iy  a  ba*.  tr^rial  pnx*es5.  and 
a  study  i^*  the  many  org;iuisuis  takiv.sr  ivirt  will  doubtless  lead 
''o  the  pr»Kluition  oi  a  nior\*  reliable  arri-  lo.  The  knowledge 
of  the  ag^^nts  briiiiriuc  ab«Mit  the  s^^-.irinc  or  milk  has  resulted 
in  meth'^^ls  Wiui?  ilevis*\l  for  sterilisivig  the  duid  in  such  a  way 
that,  without  a!iv  added  autistn>tu\  luiTv  may  W  kept  in  |>er- 
feetlv  go«Hl  I'ondition  for  an  unlimited  time. 

Frv>m  milk  and  milk  pnvluots  we  will  turn  our  attention  to 
an  in»lu<try  whioh  might  easily  Kvtmu^  one  \>i  great  import- 
anoe  to  the  Tnuisvaal  toKuoo  curing.  Kx|x^rts  tell  us  that 
this  count ry  is  able  to  prxnluoe  a  really  g\HHt  o^tiality  tobacco,  but 
so  far  the  mauufaotunnl  article  cannot  compete  outside  ilie 
rouutrv  with  the  American  varieties. 

The  quality  of  tol^iceo  de^H^uds  ttrst  u^hui  tvrtain  flavour- 
ing stiK<tauws  prtHluctnl  by  the  gr\>wing  plant,  and  secondly 
u(H>n  the  chuug^^!^  resulting  t'r\uu  the  bacterial  fermentations 
set  up  by  the  curing  processes. 
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Hitherto  this  curing  process  has  been  carried  out  by  rule 
of  thumb  methods,  as  was  the  case  in  brewing  operations  a  few 
years  ago,  but  experin^ents  carried  out  by  various  investigators 
upon  the  advantages  of  curing  by  special  cultures  of  bacteria 
obtained  from  well-known  brands  of  excellent  tobacco  gives 
rise  to  the  hope  that  a  scientific  investigation  into  this  subject 
may  result  in  as  grea*  an  improvement  in  the  tobacco  produced 
in  this  country  as  has  been  noted  in  the  case  of  fermented 
liquors  at  home. 

While  discussing  the  subject  of  plant  fibres,  I  may  refer 
to  the  preparation  of  good  silos,  again  a  bacterial  process. 
There  is  no  question  that  here  again  science  may  come  to  the 
aid  of  the  practical  man,  and  the  study  of  the  bacteria  taking 
part  in  the  production  of  sweet  and  sour  fodder  and  brown  hay 
lias  already  resulted  in  improved  methods  for  the  preparation 
of  these  animal  foods,  and  further  investigations  will  doubtless 
lead  to  a  still  further  improvement  in  the  quality  of  the  fer- 
mented material. 

It  is  impossible  for  me  to  enter  into  the  many  other  com- 
mercial processes,  in  which  tlie  chief  agents  are  bacteria. 

The  influence  of  various  bacteria  in  the  sugar  industry,  in 
tanning,  in  the  conversion  of  rice  into  alcoholic  liquors,  as 
practised  in  Japan,  in  the  production  of  a  large  number  of 
•chemicals  of  great  importance  in  some  industries,  may  not  be 
well  known,  but  is  nevertheless  of  vital  importance  to  those 
industries. 

There  is  one  other  branch  of  non-medical  bacteriology 
which  must  be  referred  to — viz.,  soil  bacteriology. 

Plants  of  all  kinds  require  for  their  development  various 
■chemical  elements  and  complexes;  amongst  these,  nitrogen,  in 
the  form  of  nitrate,  is  indispensable  to  the  majority.  In  a  vir- 
gin soil  removed  from  luxuriant  vegetation — say  a  patch  of 
bare  veld — it  is  found  that  nitrates  are  absent;  if,  liowevor,  this 
soil  is  treated  with  stable  manure,  everybody  knows  that  it  will 
soon  become  fertile.     Why? 

Manure  does  not  contain  nitrates,  but  it  does  contain 
plenty  of  nitrogenous  matter,  and  this  by  tlie  action  of  certain 
bacteria  is  converted  into  the  nitrate  required  by  plants. 

The  organisms  observed  in  this  change  are  very  remarkable, 
in  that  they  refuse  to  grow  upon  ordinary  artificial  media,  and 
it  is  only  through  the  researches  of  Winogradsky,  Warington, 
and  Fraiikland,  who  elaborated  a  solid  medium  similar  in  ap- 
pearance to  agar,  but  having  as  its  gelatinising  constituent,  col- 
loidal silica,  that  the  present  day  we  are  able  to  isolate  and 
study  these  interesting  and  useful  bacteria. 

The  conversion  of  inert  nitrogenous  organic  matter  into 
valuable  manurial  nitrate  takes  place  in  several  steps.  The 
putrefactive  bacteria  always  present  in  manure,  etc.,  convert 
the  nitrogen  compounds  into  ammonia  salts,  then  the  soil 
organisms  start.     One  group  converts  the  ammonia  into  nitrous 
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Ht'hlf  ihit  acid  formed  being  fixed  by  the  lime  in  the  soil,  and 
theij,  finally,  another  clafts  starts,  and  completes  the  oxidation 
of  the  nitrite  into  nitrate,  this  substance  being  in  the  form  re- 
quired for  the  nutrition  of  the  plant. 

I  have  said  that  nitrate  is  required  by  the  majority  of 
plants;  the  minority  require  nitrogen,  but  are  able  to  utilise 
thlM  element  in  the  uncombined  state  as  it  occurs  in  the  atmo- 
sphere.  Here  again,  however,  it  is  largely  through  the  instru- 
mentality of  bacteria  that  this  is  possible.  The  nodules  found 
about  the  roots  of  the  various  members  of  theleguminosae  con- 
tain the  organisms  which  fix  the  atmospheric  nitrogen,  and  pass 
it  on  to  the  plant. 

I  hav(f  got  to  the  end  of  my  little  attempt  to  give  some 
idea  of  the  influence  bacteria  have  over  our  daily  lives,  from 
the  scientific  standpoint,  and  I  must  now  justify  the  title  of 
my  paper. 

To  give  statistics  showing  in  £.8.(1.  what  bacteriologj-  saves 
the  community  is  impossible.  I  can  only  run  over  some  of  the 
chief  items  on  the  credit  side  of  the  account,  and  leave  their 
exact  values  to  your  imagination. 

A  human  life  is  worth  something  to  the  community,  and 
if,  as  u  result  of  bacteriological  investigation  human  lives  may 
be  8av(»d     w<»ll,  I  think  bacteriology  will  have  justified  itself. 

The  re(;ent  plague  epidemic  is  testimony  to  the  value  of 
bacteriological  work;  what  might  have  happened  had  not  the 
c»aily  caHOH  been  examined  bacteriologically  one  cannot  tell,  but 
it  is  (juite  certain  that  the  money  value  of  an  early  diagnosis, 
has  been  incalculable. 

With  regard  to  the  non-pathological  side  of  the  question 
the  n^nuuks  made  about  brewing,  butter-making,  sewage  dis- 
posal, soil  fertility,  etc.,  will  suffice  to  indicate  the  commercial 
value  of  scientific^  investigation  into  these  branches.  What  is 
going  to  hanpen  in  the  future  as  the  result  of  study  of  bac- 
teriology it  IS  impossible  to  foretell.  On  the  medical  side  men 
are  (»mleavouring  to  find  out  more  about  the  causes  of  human 
discas(»s,  and  to  follow  up  these  discoveries  by  the  introduction 
of  spiM'ific  cures. 

V(»terinary  bacteriologists  are  doing  the  same  work  for 
animals. 

In  what  may  be  called  the  bacteriology  of  the  trades  there 
is  no  (juestion  that  there  is  a  great  deal  to  be  done:  brewing, 
t(»lMUM'o-curing,  manufacture  of  organic  chemicals,  possibly 
gly('(»rine,  and  soap  manufacture  may  before  long  become  bac- 
ttM  ial  work,  and  so  on. 

Srience  is  perennially  supplying  us  with  startling  disco- 
veries, but  1  think  those  of  bacteriology  can  scarcely  be  sur- 
passtnl. 

The  fact  that  the  major  porticm  of  human  disease  is  caused 
by  bacteria  of  such  infinitesimal  size,  is  certainly  somewhat  ter- 
rifying, as  it  seems  so  impossible  to  control  or  modify  in  any 
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way,  the  action  of  such  organisms ;  but  one  of  the  aims  of  science 
appears  to  be  to  achieve  the  impossible,  and  now  we  have  many 
bacteria  so  completely  under  command,  that  instead  of  being 
enemies,  they  can  be  made  to  do  work  that  is  invaluable  to  the 
welfare  of  our  kind. 


19.— ALIEX  PLANTS  SPONTANEOUS  IN  THE 

TRANSA^AAL. 

By  Joseph  Burtt  Davy,  F.L.S.,  F.R.G.S. 

SUMMARY. 

Definition  of  the  term,  **  Spontaneous  Alien  Plant." 
Classified  and  Annotated  List  of  Species. 

Numerical  distribution  among  genera  and  families. 
Relative  Abundance  of  the  DifiEerent  Species. 

Colonists. 

Advent  ives. 

Common  Species. 

Abundant  Species. 

Economic  Aspect  of  the  Subject. 

Noxious  Weeds. 

Troublesome  Weeds. 

Innocuous  Weeds. 

Useful  Weeds  and  Other  Aliens. 
Geographical  Distribution. 

Factors  Governing  Plant  Migration. 

The  Origin  of  our  Aliens. 

Routes  of  Travel. 

How  Plants  may  Migrate. 

DEFIXITIOX. 

The  phrase  "alien  plants  spontaneous  in  tlie  Transvaal" 
refers  to  all  non-indigenous  plants  growing  in  the  Transvaal 
which  are  known,  or  believed,  to  have  made  their  first  appear- 
ance in  the  country  within  historic  times,  and  wliich  grow  spon- 
taneously, that  is,  without  having  been  artificially  planted  or 
cultivated. 

It  has  been  found  necessary  to  a  clear  presentation  of  the 
subject,  to  include  a  few  species  which  are  native  to  South 
Africa,  but  which  are  either  adveiitive  on  the  High  Teldt  of 
the  Transvaal,  or  are  spreading  as  weeds  on  roadsides,  vacant 
erven,  or  cultivated  lands,  and  are  thus  becoming  weeds. 

Most,  but  not  all,  of  the  troublesome  weeds  of  farm  and 
garden,  e.g.,  Burr-weed  and  Black-jack,  are  aliens.  But  not 
all  aliens  become  weeds;  for  instance,  Cosmos,  ihe  African 
Marigold  and  the  Evening  Primrose,  are  aliens,  and  have  be- 
come naturalised,  being  spontaneous  in  several  places  in  ihe 
Transvaal,  but  thev  are  not  weeds. 

What,  then,  are  weeds?  Bailey's  English  Dictionary  (ITth 
Edition,  1757)  defines  a  weed  as  '*  any  rank  or  wild  herb  that 
grows  of  itself.''  Our  ideas  of  weeds  have,  however,  become 
specialised,  and  more  definite,  with  increased  knowledge  of 
Botany,  Horticulture  and  Agriculture,  and  a  more  modern  defi- 
nition of  a  weed  is,  "a  plant  growing  out  of  place.''  Even  this 
is  incomplete,  and  we  should  prefer  to  say  that  a  weed  is  atuf 
2)lant  growing  spontaneously  where  it  is  not  wanted. 
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CLASSIFIED    AMI    ANSOTATKD    LIST    OF    SPECIES. 

Une  hundred  and  forty-one  (141)  species  and  varieliea  of 
nlieu  plniits  sptmluncims  in  tlie  TranavHtil  huTf  been  collected 
by  the  writer  during  tbe  past  year.  The  list  may  be  considered 
fftirly  coiiipletc  as  regards  Ibe  lomuion  weeds  nf  the  Bnscb- 
veld  and  Uuwgeveld.  It  is  not  likely  to  be  a  complete  list  of 
alien  plants  of  the  Transvaal,  however,  as  I  have  not  had  oppor- 
tunity to  visit  the  Low  Country  in  the  summer.  It  is  probable 
that  several  aliens  not  fniimoruteil  here  are  to  be  found  in  and 
around  Itarbirlon,  Komafiepoorf,  Leydsdorp,  Ha-nerlsburg, 
Pieti'rshiirp,  Kiislenburg  and  Zecnist.  Even  on  the  Itooge- 
vebl,  almost  every  trek  reveals  one  or  two  additional  species, 
sometimes  only  a  solitary  individual  of  each,  introduced  prob- 
ably during  or  since  the  late  war,  with  military  or  repatriation 
forage  or  seeds. 

In  the  preparation  of  the  following  list  the  writer  has  uni- 
formly adopted  the  plan  of  decapitalising  specific  names,  ex- 
cepting only  personal  names  in  the  genitive  case.  The  use  of 
the  ablii-eviation  "  var."  between  specific  and  varietal  names  has 
also  Iteen  dropjied.  The  termination  aceic  has  been  adopted  for 
all  (iiniily  names,  except  in  the  case  of  the  five  families,  Com- 
positw.  I'vnciferre,  Graminete.  Lahiatte,  and  Legumiuosie ;  there 
does  not  appear  to  be  any  valid  reason  for  changing  these  well- 
known  names.  Collections  made  near  Fourteen  Streams,  about 
four  miles  west  of  the  Transvaal  western  boundary,  are  in- 
cluded here,  as  showing  the  westerly  extension  of  range  of  the 
species,  and  a  suggestion  as  to  a  possible  source  of  introduction 
of  some  of  them. 

The  writer  regrets  that  be  had  ni)t  access  to  a  copy  of  Thun- 
berg's  Fl'irii  ('aiii->i.<ix,  in  order  to  cite  that  author's  early  refer- 
ences to  Ibe  occHnence  of  some  of  our  aliens  at  the  Cape.  Tb& 
refei-ences  f(iven  in  the  Fhii-a  Cupvimis  of  Harvey  and  Sonder 
are  only  cited  in  part,  owing  to  illness  which  prevented  the 
completion  of  this  paper  before  it  was  necessary  to  send  it  to 
press. 

Family  Aizoace.k  :    Hottentot-fig  Family. 

Lhui-uiii  liriifiiliuiii,  Feuzl.  ilonogr.  in  Ann.  Wien.  Mus.  I. : 
;i-42  (IS^ifj).  Xative  of  tropical  Africa;  Kenegambia,  Lower 
Guinea  (Angola,  etc.)  and  the  Mozambique  district  (the  Zam- 
besi): it  bus  also  been  fonnd  south  of  the  Transvaal  (Caledon 
River,  fiurhr).  Zeenist,  a  common  weed  in  cultivated  ground 
Rt  "Willow  Park  Farm,  May  21,  190;i.  D»r>i  0.5-.  Fourteen 
Streams,  a  garden  weed,  Feb.  14.  1904,  Davy  1598. 

Family  Amahantack.e  :    Pigweed  Family. 

AUernatithern  sp.  Pretoria,  on  gravelly  roadsides  at  Clare- 
mont,  June  1,  lOflH,  Dni'u  334;  Fourteen' Streams,  a  common 
weed.  Feb.  14,  1904,  If'iri/  looO.  A.  sexsilU  occurs  as  a  weed  in 
Xntnl.  but  the  Transvaal  plant  differs  from  all  specimens  of  .4. 
if'»ili<  mid  .1.  iu„r,ft.„n  in  the  >"atal  Government   Hcrbiirliim, 
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and  Dr.  Bolus  has  not  succeeded  in  matching  it  in  his  collection. 
It  has  the  ap])earance  of  an  alien.  The  bracts  become  stiff  and 
prirtkly  in  age,  and  are  unpleasant  to  the  touch  of  bare  hands 
and  feet. 

Amarantus  paniculatus,  Linn.  Sp.  PI.  ed.  2,  1406.  Pig- 
weed, Mist-breede,  Taape,  Bredes  malabares.  Native  of  tro- 
pical America;  cultivated  throughout  India  and  Ceylon  and  up 
to  9,000  ft.  alt.  in  the  Himalaya,  for  the  sake  of  its  seeds,  which 
are  eaten  by  the  natives.  In  Africa  and  East  and  West  Asia  it 
occurs  in  cultivation  or  as  an  escape,  Hooker.  An  alien  in 
Xatal  from  :5,000  to  4,000  ft.  alt.,  J.  Medlei/  Wood,  Trans- 
vaal :  Probably  the  most  abundant  weed  of  farm  and  garden, 
in  the  Transvaal;  common  in  neglected  gardens,  around  cattle 
kraals,  on  manure  heaps,  etc.  The  young  tender  leaves  are 
boiled  and  eaten  as  spinach  by  natives  and  whites ;  a  favourite 
forage  plant  of  horses,  mules,  pigs,  fowls,  ducks,  etc.  Wild 
birds  appear  to  be  fond  of  the  seeds.  The  stems  are  green  in 
young  plants,  but  become  red  with  age.  Pretoria,  alt.  4,400  ft., 
a  common  weed,  Jan.  4,  1904,  Davy  886;  Belfast  (farm  Biet- 
vlei,  alt.  6,000  ft.),  the  most  abundant  weed  of  field  and  garden, 
Feb.  5,  1904,  JJavy  1258;  Standerton,  a  garden  weed,  farm 
Benginsel,  March  -lO,  1904,  JJavy  1805;  llaaman's  Kraal  B.R. 
Station  (alt.  3,389  ft.),  a  ballast  weed,  Jan.  30,  1904,  J)avy  1097. 
Christiana  (alt.  cir.  4,100  ft.),  a  common  garden  weed,  Feb.  16, 
1904,  JJavy  1620. 

Amarantus  spinosus,  Linn.  Sp.  PI.  991  (1753).  Thorny 
PIGWEED,  Thorny  amaranth,  Bredes  malabares  a  piquans. 
Native  of  tropical  America,  naturalised  elsewhere;  a  common 
weed  around  Durban.  Transvaal: — A  common  weed  on  road- 
sides and  vacant  erven.  Pretoria  (alt.  4,400  ft.),  a  common 
roadsides  weed,  Jan,  28.  1904,  JJavy  1072 \  Waterval  Boven  (alt. 
4,800  ft.),  a  common  weed,  Feb.  4,  1904,  JJavy  1458  \  Barberton, 
a  troublesome  weed  in  cultivated  ground,  June  10,  1903,  Davy 
'100 \  specimens  have  also  been  received  from  a  correspondent  at 
Spelonken.  Tins  species  appears  to  start  growth  later  and  to 
Hower  later  than  .4.  paniculatus,  L. 

Amarantus  Thunhergii,  Moq.  in  DC.  Prodr.  13  :  pt.  2;  262. 
Cape  PKiWEED.  Considered  to  be  a  native  of  South  Africa,  but 
liaving  all  the  aspect  of  an  alien  to  the  Transvaal,  where  it 
occurs  in  farm-yards,  on  manure  heaps,  and  on  village  road- 
sides. Pretoria,  alt.  4,400  ft.,  a  common  roadside  weed,  1904, 
Davy;  Schweizer  Beneke,  common  farm-vard  weed  at  Yierfon- 
teini  Feb.,  1904,  Davy. 

(\h)sia  rristafa,  Linn.  Sp.  PI.  205  (1753).  CocKSCOMn.  A 
tropical  cosmopolite,  occurring  as  an  occasional  and  semi-spon- 
taneous garden  escape  in  the  Transvaal.  Pretoria,  alt.  4,400  ft., 
a  garden  escape  in  town  gardens  and  at  Skinner's  Court,  March 
26,  1904,  JJavy. 

Cyafhula  (jlohuhfcra  (Bojer)  Moq.  in  DC.  Prodr.  13:  pt.2: 
329.       Native  of  Abyssinia,  Madagascar  and  parts  of  South 
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Africa,  Schim;  occurs  iu  Xatal  between  Bea-ltvel  and  2,000  ft. 
alt.,  /.  M.  WoofJ.  Possibly  iiuligeiinus  in  tlie  Transvaal :  Irene, 
ah.  4,803  fl.,  Nov.  1,  1903,  Daci/.  Johannesburg,  Beziiideubont 
Valley,  April.  1904.  Dacy. 

Gomphreiui  glohom,  Linn.  Sp.  PI.  224  (1753).  A  common 
Iropicnl  weeil,  of  uncertain  origin.  A  common  roadside  weed 
around  Durban,  .June,  1904,  Davy.  Evidently  an  alien  in  tlie 
Transvaal,  where  Jt  ia  a  common  roadside  weed  :  Pretoria,  April, 
1904.  Our  plant  agrecB  with  that  at  Durban,  which  has  been 
named  at  Kcw  as  above. 

Family  AMARVLi.iD.iCE.K  :   Ji^arcissus  Family. 

Agave  ciiiieHmna,  Linn.  Sp.  PI.  323.  Amkrican  aloe. 
KBtive  of  tropiral  America.  Largely  grown  iu  the  Transvaal  as 
nn  ornamental  plant,  and  fm-  hedges  around  orchards  and  gar- 
<len8  and  even  at  KaHir  kraals.  Often  semi-spontaneous  on  the 
«ites  of  old  farmsteads  and  KnfFir  kraals.  1  am  not  aware  that 
it  has  yet  become  spontaneous  in  the  bush,  like  Ojiuntin  tuna. 
Family  Asci.KPIADace.e:    Milkweed  Family. 

Gompltocfirimn  Jnilicni'iis  ih.)  R.Ilr.  in  Mem.  Wern.  Sue.  1, 
38  (1809).  SiiuuBiiY  MILKWF.ED.  Sative  nf  the  Mediterra- 
nean region;  naturalised  in  Australia,  where  it  was  introduced 
wilb  the  early  colonists  and  long  since  established  near  Port 
Jackson  and  other  parts  of  New  South  Wales,  li.  Brown  and 
ethers.  Has  over-run  many  places  in  the  southern  colonies  of 
Anstralia;  but  when  by  ehance  it  has  been  introduced  into 
<lueensland,  it  has  not  taken  kindly  to  the  climate,  preferring  a 
dry,  rather  than  a  damp  summer  heat,  F.  Mnnson  Bailey.  In 
Xatal  it  occurs  between  3,000  and  4,000  ft.  alt..  J.  .1/.  W-md 

In  the  Transvaal  it  is  a  common  and  untidy  weed  of  road- 
sides, vacant  erven  and  town  commonage :  Pretoria,  alt.  4,400ft., 
a  common  weed,  Feb.,  1904,  Davy;  Iivne,  alt.  4.800  ft.,  a  com- 
mon weed,  Nov.  I,  1903.  Dnvi/  741;  Fourteen  Streams,  a  com- 
mon weed.  Feb.  14.  1904,  Davy  1665. 

Family  BoitAGix.\rE.K :    Borage  Family. 

Cyrioohmum  mirranthum,  Desf.,  Tabl.  ed.  1,  IJSO. 
BotSRs-TONurK.  Native  of  the  Himalava  and  Burma,  up 
to  8,000  ft.  alt..  Hi>ok<'>:  It  is  found  in  Nalal  from  1,000  to 
4,000  ft,  alt..  /.  U.  Wood.  In  the  Transvaal  this  is  a  trouble- 
some weed  on  vacant  erven  and  roadsides  in  towns;  the  seed- 
like fruits  stick  closely  to  the  clothing  and  are  easily  trans- 
ported from  place  to  place  in  this  manner.  Waterval  Boven, 
alt.  4,800  ft.,  a  tmubfesome  weed,  Feb.  4.  1904.  Davy  1431; 
Belfast,  alt.  fi,400  ft.,  a  common  and  troublesome  weed  on  town 
streets  and  vacant  erven,  Feb.  8,  1904.  Davi/  1472;  Standerton, 
»lt.  5.000  ft.,  not  unc<.mmon.  .fan.  5.  1904.  Davy  902. 

Lithonprrmum  arvcsc.  Linn.  Sp.  PI,  132  (1753).  _  fonx 
«ttOuiVEi.L.  Native  nf  Europe,  N.  Africa.  N.  and  W.  Asia,  and 
N.W.  India.  Intioduced  in  the  United  States,  Natal,  etc. 
Adventive  in  oat  stubble  in  the  Transvaal : — Pretoria,  Skinner's 
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Court,  a  solitary  specimen,  Aug.  19,  1903,  Davy  o86;  Potehef- 
strooni,  alt.  4,500  ft.,  a  few  specimens,  Xov.  1904,  Davy. 
Hooker  states  that  this  plant  yields  a  red  dye. 

Family  Cactace.k  :    Cactus  Family. 

Opunfia  ficus-indica,  Mill.,  Gard.  Diet,  ed  8.  n.  2.  Prickly 
TKAH.  Xatiye  of  South  America  iuul  the  West  Indies;  exten- 
sively naturalised  in  parts  of  S.  Europe,  X.  Africa,  Australia* 
and  ('ape  Colony,  where  it  has  become  a  yeritable  pest,  oeeupy- 
in^  liundreds  of  acres  of  valuable  land,  and  where  it  is  now  so 
thoroughly  established  that  it  would  be  impracticable,  if  not 
impossible,  to  exterminate  it.  From  Cape  Colony  it  was  carried 
by  the  ]J(K»rs  to  the  Transvaal,  where  it  was  planted  for  hedgea 
su'ound  f^^ardens  and  orchards.  In  the  northern  districts  it  has 
been  carried  by  the  natives  to  the  bush  around  their  kraals,  for 
the  sake  of  the  fruit,  which  is  eaten  by  them.  It  is  now  spread- 
ing shiwly  into  the  bush,  particularly  l)elow  4,500  ft.  alt.  It  is 
rommon  in  the  Marico,  Waterl)erg  and  Zoutpansberg  Districts* 
Xear  Zeerust,  in  the  bush,  June,  190^5,  JJavij;  near  Nylstroom. 
Xovember,  190-i,  JJftrtj.  Reported  to  be  cfmimon  and  spread- 
ing in  Sekukuni's  country:  also  reported  from  near  Heidelberg. 
It  is  a1m(»st  certain  that  (K  tuna.  Mill,  and  O,  monacantha^ 
Haw.  are  included  in  the  reported  distribution  of  the  "Prickly 
Pear."  The  three  species  have  for  long  been  mistaken  the  one 
for  the  other.  Probably  all  three  occur  in  South  Africa.  O. 
moiKirnntlui  appears  to  be  common  in  Natal. 

Family  Cappauidace.k  :   Caper  Family. 

Gi/nnndropsis  pcntaphylln  (L.)  DC.  Prodr.  1  :  238. 
MosAMMK,  IJrrde  cava.  Native  of  the  West  Indies,  now  natur- 
alis(»d  throujfhout  the  tropics.  Early  introduced  into  South 
Africa,  as  IJurchell  collected  it  at  the  Asbestos  Mts.  Trans- 
vaal: — Magaliesberg,  Zcifhcr:  Warm  Baths,  alt.  3,500  ft.,  not 
uncommon,  Nov.,  1903,  M/r//  1700:  Fourteen  Streams,  a  com- 
mon weed,  Feb.  14,  1904,  JJary  lo07.  It  is  said  that  a  seed-pod, 
placed  in  the  ear,  will  quickly  extract  any  accumulations  of 
wax. 

Family  Caryopiiyllace.i-:  :  Pink  Family. 

Silrfir  fiaJlica,  Linn.,  Sp.  PI.  417  (1753).  Gux-fowder 
\vp:ki)  (llie  black  seeds  resemble  gunpowder,  Fhf/a  Capensis), 
Considered  to  be  indigenous  to  Europe,  N.  Africa,  Siberia  and  N. 
and  W.  Asia  to  India,  Hool-.  f.  Naturalised  elsewhere  (Cali- 
fornia, Cape  Colony,  Natal  below  1,000  ft.,  Ihe  Transvaal,  etc.) 
A  troublesome  weed  in  cultivated  ground  and  (in  Calif ornia> 
on  cattle  ranges.  In  the  Transvaal  it  is  adventive,  but  not  yet 
con\ni()n,  though  showing  signs  of  spreading  cm  the  lliarh 
V(ddt : — Belfast,  not  uncommon  on  ballast  at  the  K.R.  Station 
(alt.  0,44(1  f1.)  at  the  old  Pepatriation  Camp  site,  and  on  town 
erven,  Feb.  7,  1904,  Davij  i:)SO;  Potchefstrooni  (alt.  4,500  ft.),  a 
single  plant  among  oak  stubble.  Government  Experiment  Farm,. 
Oct.  10,  1003,  JJacy  1761. 
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Spere/iila  arreniiiti,  Liun.  Sp.  PL  440  (1753).  SprnnKV. 
Com  apHiiey.  Nativp  of  Europe  (Arctic),  N.  AiripR  and  W. 
Asia  lo  N.W.  Imlia ;  an  alieu  in  S.  Anieriia  and  S.  Africa.  A 
weed  in  caltivatcd  giouud  in  t'app  t'olonv,  Flora  Cnpenna.  1860: 
H  weed  ill  Natal  botweou  1.000  and  2,000  ft.  alt..  J.  M.  ^ViWfL 
AiLvenlivu  in  the  Transvaal: — Pot  die  fat  room,  alt.,  4,500  ft., 
adventive  with  seed  oats  on  tho  GoTprnincnt  EsperinienI  Farm. 
Dpc.  27.  190:i.  D,>ni  S4I>:  llelfai*!.  all.  G.44G  ft.,  several  plants 
on  ballast  at  the  railroad  stutiun.  where  thev  ffet  moisture  from 
tho  wafei-tauk  overHow.  Feb.  7.  1904,  Davy  1302. 

SlelUria  «-<■,//«,  Cyrill.,  Char.  Comm.  ?l6  (I784j.  Chkk- 
WEET).  Honker  considers  this  plant  to  be  indigenous  to  "all 
Arctic-  and  North  Temperate  regions;  naturalised  elsewhere." 
Cape  Colony,  "a  weed  in  cultivated  ground  everywhere;  intro- 
du.'ed  from  Eiirupe,"  Flom  Ctpnixu.  18R0.  Xatal,  below  1.000 
ft.  alt.,  y.  .V.  W'lmil  Sparingly  met  with  in  the  Transvaal,  in 
damp,  shady  places  in  or  near  town  gardens;  apparently  not 
well  adapted  lo  the  eliruntic  conditions  of  the  Kigb  Veld:  — 
Pretoria,  alt..  4,400  ft.,  tietwecn  the  bricks  of  a  shadv  water 
furrow  on  Seboeman  Street.  March  16.  1904.  Dnvfi  1751: 
.Tohannesburg.  alt.  5.700  ft.,  in  a  shadv  garden  near  Itissik 
Street.  April.  Ifl04.  Davn. 

Vtircnrin  i->i!t/<iri.i.  Host.  Fl.  Aufltr.  1  r  518.  Cow-UEiiii. 
Native  of  Southern  Eiinipe.  Asia  Minor  and  Siberia ;  naturalised 
in  North  Aniericu  and  S.  Africa.  Ailventive  in  the  Transvaal, 
and  likelv  lo  become  a  troublesome  grain-field  weeil,  as  it  is  in 
Caiifcu-nia  and  Nevada :— Pretoria,  alt.  4,400  ft.,  a  single  plant 
m  oat-stubble  at  Skinner's  Court.  Feb.  1,  1904.  Dai-ij  llf'l: 
Standerton.  several  plants  on  the  farm  Beginsel.  in  the  border 
of  an  old  garden.  March  29.  1904,  Hen;/  1796:  Potcbefatronm. 
alt.  4,500  ft.,  a  few  plants  adventive  in  stubble.  Nov.,  1903, 
Dtii'y  1S16'.     The  aeedu  are  poisonous. 

Family  CiiExopountE.K  :   Goosefoot  Family. 

Chenopotlitim  album,  Linn.  Sp.  PI.  219  (1753).  Fat-ue.v, 
Wliite  goiisefoof,  Sleld-weed.  Epinard  sauvage;  occasionally 
called  Pigweed,  but  this  name  is  more  generally  applied  to  the 
Amarantlis.  Native  of  Europe  (Arctic)  and  temperate  Asia;  an 
alien  in  N.  America.  Ascends  to  1,000  ft.  in  Yorkshire.  Hmjl-  f. 
Not  reported  by  Mr,  .1.  M.  Wood  from  Natal.  Widely  distri- 
Inited  in  the  Transvaal  as  a  casual  garden  weed,  but  nowhere 
nearly  so  abundant  as  the  Amaranths: — Lvdenburg,  a  casual 
garden  Meed.  June  15.  190-1.  JJat'i/  399:  Potchefstroom.  alt. 
4.500  ft.,  a  eomnioii  garden  weed,  Dec.  27,  1903,  Davy  1772:  a 
farm  weed.  .Tan.  24.  1904.  Ihn-y  1224;  Pretoria,  alt.  4.400  ft., 
eommon  on  streets,  waste  places  and  vacant  erven.  .Tan.  28, 
1904.  Dnrii  107$:  Ilaaman's  Kraal  Itailroad  Slation.  alt. 
3.389  ft.,  a  ballast  weed  Jan.  30.  1904.  Dm-'/  HOG:  lielfas).  a 
garden  weed  at  farm  Ilielvlei.  alt.  6.000  ft..  Feb.  5.  1904.  An;/ 
13G0;  Christiana,  alt.  cir.  4.100  ft.,  a  common  garden  weed,  Feb. 
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16,  1904,  Davy  1619 \  Standerton,  a  casual  garden  weed  at  farm 
Beginsel,  March  29,  1904,  Davy  1801, 

Chenopodium  amhrosioidcs,  Liun.  Sp.  PI.  219  (1753). 
Mexican  tea,  Ibigicana,  Herbe  pipi,  The  dii  Mexique.  Native 
of  tropical  America,  naturalised  in  the  United  States.  Natal, 
below  1,000  ft.  alt.,  an  alien,  J.  M.  Wood.  Adventive  in  the 
Transvaal  and  likelj'  to  spread: — Potchefstroom,  alt.  4,500  ft., 
a  common  roadside  weed,  Dec.  27,  1903,  Davy  1036 \  Warm 
Baths,  a  common  farm  weed,  Jan.  30,  1904,  Davy  1206 \  Water- 
val  Boven,  alt.  4,82G  ft.,  an  occasional  ballast  weed,  Feb.  4,  1904, 
Davy  1467;  Pretoria,  alt.  4,400  ft.,  a  common  weed  on  vacant 
erven  and  by  roadsides  March  20,  1904,  Davy. 

Chejwpodiuvi  botrys,  Linn.  Sp.  PI.  219  (1753).  Jehusalem 
OAK.  Native  of  South  Europe.  Natal,  between  1,000  and  3,000 
ft.  alt.,  an  alien,  J.  M.  Wood.  Occasional  in  the  Transvaal  as 
an  adventive  weed: — Standerton,  alt.  5,000  ft.,  an  occasional 
weed  on  vacant  erven  and  by  roadsides,  March  28,  1904,  Davy 
1780,  1786;  Pretoria,  alt.  4,400  ft.,  occasional  garden  weed, 
April,  1904,  Davy;  Barberton,  in  bush,  1904,  Thovncroft  661,  in 
Natal  Government  Herbarium. 

Chenopodium  muralc,  Linn.  Sp.  Pi.  219  (1753),  Nettle- 
leaved  GOOSEFOOT.  Native  of  Europe,  N.  Africa,  W.  Asia,  and 
N.W.  India:  introduced  in  N.  America  and  S.  Africa.  Natal, 
between  sea-level  and  2,000  ft.  alt.,  /.  .1/.  Wood.  An  occasional 
garden  and  roadside  weed  in  the  Transvaal :  — Lydenburg,  a 
garden  weed,  June  15,  1903,  Davy  398;  Pretoria,  alt.  4,400  ft., 
an  occasional  roadside  weed  in  shadv  places,  Jan.  4,  1904,  Davy 
834.  ^ 

Chenopodiuin  polyspcnnum,  Linn.,  Sp.  PI.  220  (1753). 
Native  of  Europe  and  Northern  Asia.  Christiana,  Feb.  15, 
1904,  Davy  1616.  The  single  specimen  secured  was  gathered 
under  most  adverse  conditions,  and  is  not  complete,  so  that  I 
cannot  be  certain  as  to  the  species;  it  had  (juite  a  different 
aspect  from  the  specimens  of  C.  album  collected  at  the  same 
time  and  which  were  growing  near  it. 

Familv  Composit.t:  :   Sunflower  Familv. 

Anthemis  cotula,  Linn.  Sp.  PI.  894  (1753).  Stixkixg 
CHAMOMILE,  Stinking  may-weed.  Native  of  Europe,  N.  and  W. 
Asia,  W.  India;  an  alien  in  N.  America  and  S.  Africa.  Adven- 
tive in  the  Transvaal;  likely  to  spread  and  to  become  a  i rouble- 
some  farm  and  garden  weed,  as  it  has  done  in  California:  — 
Potchefstroom,  alt.  4,500  ft.,  a  few  vigorous  plants,  Dec.  27, 
1903,  Davy  843;  Belfast,  alt.  6,400  ft.,  a  few  plants  on  roads 
and  vacant  erven,  Feb.  6,  1904,  Davy  1347;  Standerton,  occa- 
sional in  an  old  garden  on  farm  Beginsel,  March  29,  1904,  Davy 
1799.  The  plant  is  acrid  and  emetic  and  the  foliage  is  said  to 
blister  the  hands. 

Bidens  pilosa,  Linn.  Sp.  P.  832  (1753).  Ih.vc  k-.tack. 
Beggar-ticks,   Wewenaar,   Widowers,  Sweetliearts,    rm-shceje. 
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La  Vilk'-bague;  also  miBcalled  Klils-giaB,  a  name  ranre  gener- 
ally applied  to  Sctaria  vertir.iUatn.  Native  of  the  W.  Indies 
and  S,  America;  now  beeome  a  common  tropical  and  sub- 
tropical weed.  Introduced  into  S.  Africa  at  an  early  date,  as  it 
is  recorded  to  have  occurred  aa  a  weed  in  the  Eastern  Districts 
of  Cape  Colony  and  at  "  Port  Natal"  in  tLe  Flora  Capcn^is 
(1865).  It  is  now  found  in  asatal  between  sea-level  and  5,500  ft. 
alt.,  J.  M.  Wooil.  One  of  the  moat  common  and  most  trouble- 
some weeds  in  the  Transvaal,  but  like  other  "  common  "  plants, 
seldom  collected;— Pretoria,  all.  4.400  ft.,  June,  1903,  Davy. 

Bidvtti  viiom  Icucantha  (WiUd.)  Han-..  Fl.  Cap.  3  :  133 
<1864-65).  Bi.ArK-j.UK.  Beggar-ticks,  Wewenaar.  Common 
along  the  coast  of  Natal,  between  1,000  and  3,000  ft.  alt..  /.  M. 
Wood,  and  in  the  Low-country  of  Ihe  Transvaal  at  Barberion, 
etc.,  but  not  commonly  met  with  iin  the  High  A'eld.  It 
appears  to  be  spreading  eastward  and  upward  along  Ihe  inil- 
way ;  — Avoca  Station,  J  nne  &,  1903.  Davij  242 ;  Barbt'rton,  June, 
1903.  said  lo  be  a  bad  weed  all  ibroiigh  the  agricultural  region. 
««d  to  be  the  first  weed  to  appear  on  newlv-broken  ground; 
Waterval  Boven.  alt.  4,S20  ft.,  common.  Feb.  4,  1904,  Davy 
1460;  Belfast,  all,  6.400  ft.,  common,  Feb.  5,  1904.  also  common 
at  farm  Bietvlei,  ul(,  0.000  ft,.  Feb.  8,  1904.  /Mi-t/  1468:  Pre- 
toria, alt.  4.400  ft.,  only  two  specimens,  on  the  shaded  bank  of  a 
damp  furrow.  Trove  Sfri'el,  Sunnvside,  March  13,  1904,  Dnry 
1737. 

Chrysanthevuim  segetmn,  Linn.,  Sp.  PI.  S89  (1753).  Cokn 
M.tBiGou>,  Gowau.  Native  of  Europe,  N.  Africa  and  W.  Asia. 
Harvey  states  (18G5)  that  it  bad  already  penetraled  "  the  bush  '* 
60  miles  beyond  the  Kei.  but  it  does  not  appear  to  have  estab- 
lished itself,  for  in  1903  Bolus  and  Woolley-Dod  reported  it  as 
"  rare  "  on  the  Cape  PeninBuIa.  In  the  Transvaal  I  have  found 
it  in  only  one  locality,  viz.,  Belfast,  alt.  G,44G  ft.,  where  it  was 
^■ommon  at  the  railwav  station  and  at  the  old  Hepatriation 
Camp  site.  Feb.  5,  1904,  Davy  13SS. 

Conyza  podovephala,  DC.  Pnnlr.  S  :  387,  A  native  of  the 
Capo  Colony.  wUicb  appears  to  be  an  alien  in  the  Transvaal,  at 
least  on  tlie  jligh  Veld,  wbei-e  it  is  not  unconnnon  by  roadsides 
and  water-courses: — Pretoria,  alt.  4.400  ft.,  common  in  moist 
and  swampv  places  along  the  Aapjies  River,  Dec.  13,  190;j,  Oney 
SnO;  Christiana,  alt.  cir.  4.100  ft.,  an  occasional  weed  by  road- 
sides and  in  moist  places,  Feb.  15,  1904,  Dnri/  1610. 

Coi^moK  hipiimatH):.  Cav..  Icon.  1  :  9.  tt.  14.  79  (1791). 
Cosuos.  Native  of  Mexico  and  South  America:  extensively  cul- 
tivated for  ornament,  in  gardens  in  Europe,  Ihe  T'nited  States. 
S.  Africa,  etc.  An  occasional  garden  escape  in  the  Transvaal  r  — 
Pretoria,  ult,  4,400  ft,,  a  garden  escape  at  Skinners  Court, 
thoroughly  naturalised.  Feb.  1.  1904.  }>oi-,i  I1S9:  abun.Iantly 
naturalised  along  the  railwav  near  Itooilcpoort  and  Florida,  alt. 
■cir.  5.700  ft,,  and  Zunrfontein.  alt.  5,45fi  ft..  March  26,  1904. 

CuhiJn  aii.-tr^ilh.  Hook  f  .  Fl.  Nov.  Zel.  128,    Native  of  Auft- 
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tralia,  New  Zealand,  Tasmania,  and  Tristan  d'Acunlia;  natural- 
ised in  California.  This  species  is  very  close  to  the  common 
Asiatic  and  African  6 of w/a  anthemoides,  L.  of  Egypt,  Nubia,. 
Becluianaland,  Natal,  and  Cape  Colony,  and  cannot  always  be 
readily  distinguished  from  it.  In  the  Transvaal  it  occurs  very 
sparingly  in  shady,  damp  places: — Lydenburg,  a  few  plants, 
along  the  water-furrow  of  the  main  street,  June  15,  1903,  Davy 
402;  Pretoria,  alt.  4,400  ft.,  an  occasional  weed  along  water- 
furrows,  Oct.-Nov.,  1903,  Davy  1773. 

Cryptosfcnmut  calendulaceiun,  II. B.  in  Ait.  Ilort.  Kew^ 
ed.  2,  5  :  141.  Cape-weed,  Gouds-bloem.  Native  of  Cape  Col- 
ony, where  it  is  **  ver}-  common  in  roadsides  and  waste  places, 
throughout  the  Colony.'*  (Flora  Capcnsis) ;  naturalised  in  parts, 
of  Australia,  where  it  has  become  a  troublesome  weed.  In  Natal 
it  occurs  between  1,000  and  2,000  ft.  alt.,  /.  M .  Wood.  I  have 
not  seen  anv  Transvaal  specimens,  but  it  was  reported  by  an 
Australian  farmer  as  occurring  on  a  dam  on  the  Springbok 
Flats  in  Nov.,  1903. 

Erigcron  cafuidensis,  Linn.,  Sp.  PI.  863  (1753).  Horse- 
weed.  Native  of  North  America,  but  now  introduced  into  most 
temperate  and  warm  countries.  Peported  from  the  Eastern 
Districts  of  Cape  Colony  and  from  Natal  in  1865,  Flora  Capejisia^ 
A  common  garden  and  farm  weed  in  the  Transvaal,  where  it 
seems  thoroughly  at  home  and  where  it  is  likely  to  spread 
rapidly  and  to  cause  much  trouble  in  Lucerne  fields.  It  seeds, 
profusely  and  during  a  long  season.  Pretoria,  a  common  orchard 
weed  at  Hartebeeste-nek  Nov.  14,  1903,  Davy  783;  a  common 
weed  in  cultivated  ground  on  vacant  erven,  and  bv  roadsides  in 
the  town,  Dec,  13,  1903,  JJavy  797;  Waterval  Boven,  alt.  4,826 
ft.,  a  common  weed,  Feb.  4,  1904,  Davy  1429;  Belfast,  a  garden 
weed  at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1254; 
Warm  Baths,  a  troublesome  weed  in  a  Lucerne  patch,  March,. 
1904.    In  Natal  it  occurs  below  3,000  ft.  alt.,  J.M.  Wood. 

Gnaphalium  lutco-alhum,  Linn.  Sp.  PI.  851  (1753).  Prob- 
ably native  of  Southern  Europe,  now  almost  cosmopolitan,  and 
found  in  Europe,  Asia,  N.  and  S.  Africa,  Australia,  St.  Helena^ 
Brazil,  etc.  It  was  frequently  met  witji  in  the  Eastern  Districts 
of  Cape  Colony  and  in  Natal  in  1865.  In  Natal  it  occur* 
between  sea-level  and  2,000  ft.  alt.,  /.  M.  Wood.  Not  uncommon 
in  the  Transvaal,  as  a  roadside  weed,  in  damp  places: — Pre- 
toria, alt.  4.400  ft.,  common,  Dec,  1903,  Davy  SOI;  Belfast, 
6,400  ft.  alt.,  a  common  weed  in  town,  Feb.  5,  1904. 

Hypocha^ris  radicata,  Linn.,  Sp.  PI.  810  (1753).  Gcsmore,. 
Cat's-ear.  Native  of  Europe  and  N.  Africa;  naturalised  and 
become  a  tioublcsome  pasture  weed  in  parts  of  Australia  and 
California.  It  does  not  appear  to  have  been  previously  recorded 
from  South  Africa,  and  I  have  found  but  a  sincrle  specimen  :  — 
Belfast,  alt.  6,446  ft.,  a  solitary  plant  on  the  old  Pcpatriation 
Camp  site,  Feb.  7,  1904,  Davy  1395.  This  is  such  an  injurious 
pasture-weed  that  it  is  to  be  hoped  it  will  not  become  naturalised 
with  us. 
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.\i,!on-llaiiun<-ulnta,  DC,  I'mai.  5:  322.  Var.  ?  (?)  Native 
(if  South  Africu.  What  appears  In  be  a  variety  of  this  Bpeties  is 
occasionally  met  with  as  a  roadside  weed  in  the  Transvaal, 
liavtngr  all  the  aspet^'t  nf  an  introduted  plant. 

Ottroxprnnuv}  inurirotuiii  nspenii,,,  Ilarv.,  Fl.  Cap.  3 :  441 
(1864-5t.  Native  of  Somaliland;  also  found  in  Natal  (from 
:{,000  to  4,000  ft.  alt.),Zuhilandand<>therspart8ofS.  Africa.  In 
the  Transvaal  it  ooenra  as  a  roadside  weed  and  is  apparently  not 
imiigt;nnnB: — Pretoria,  alt.  4,400  ft.,  a  roadside  weed,  May  11, 
1903.  liavi/  /e.-Harteheeste-nek.  a  weed.  Nov.  14. 190:},  /J,u-y  755. 
StiurhuH  i/lrriicrin.  Linn.,  Sp.  PI.  794  (1753).  Sow-thi-stle, 
Milk-tUistle.  Native  of  Knrope,  N.  and  W.  Asia,  India,  N. 
Africa,  S.  Australia,  New  Zealand,  Hoolc.  f.:  introdiired  in 
America  and  S.  Afrir-a.  In  Natul  it  is  found  between  sea-level 
and  4,000  ft.  alt.,/.  J/.  W'„.iL  In  ih.-  Transvaal  it  occurs  as  an 
occasional  weed  in  gardens  :—Lydfnburg,  along  water-furrows 
in  the  town,  June  10,  190-1,  Ant/  41:i;  Pot  chef  stroom,  Nov., 
1903. 

Tagctes  erccta,  Linn.,  Sp.  PI.  887  (1753).  ArRir.vx  ii.Wl- 
COU).  Native  of  Mexico;  a  favourite  garden  flower.  An  occa- 
sional garden  escape  in  tlie  Transvaal,  and,  like  other  Mexicans 
(e.g..  Cosmos,  Zinnia  and  Ipomooa  purpurea)  showing  signs  of 
becoming  naturalised: — Irene,  alt.  4,S00  ft.,  naturalised  in  an 
old  brick-yard.  May  G,  190:1,  IJav,/  -JS:  Waterval  IJoven.  alt. 
4.826  ft.,  an  escape  in  the  borders  (jf  tbe  town,  Feb.  4,  1904.  JJ<ii.y 
1433;  Zuurfonlein  Hailroad  Station,  alt.  5.400  ft.,  an  escape, 
April,  1904. 

Tnra.ta,um  officinale,  Weber,  in  Wigg.  Prim.  Fl.  Holsat. 
36.  Dandelion.  Indigenous  to  the  Arctic  and  parts  of  the  N. 
and  S.  temperate  regions;  naturalised  in  California.  In  the 
Transvaal  it  occurs  sparingly  as  a  naturalised  weed  In  the  bor- 
<Ier8  of  gardens  and  beside  water-furrows :  — Potchefsiroom,  alt. 
4,500  ft.,  eoninion  in  the  binder  of  gardens  near  wnter-furrows, 
Dec.  27,  190:i,  D.,,-;/  10.37.  The  dried  roots  are  a  well-known 
medicine  and  are  also  ground  as  a  coffee  substitute:  the  leaves 
are  eaten  as  salad. 

r raHop"!)""  p"rnf.,]i„.<,  Linn..  Sp.  PI.  789  (1753).  R.m.sify. 
Native  of  the  Mediterranean  region;  cultivated  in  gardens  for 
the  sake  of  its  edible  roots,  and  frequently  met  wifb  us  an  escape 
in  California,  etc.  In  the  Transvaal  I  have  found  onl^v  a  single 
spontaneous  specimen,  but  it  is  likely  to  become  established  here 
sooner  or  later :  —  Pot  chef  stroom.  a  garden  escape  at  Iluuskrani, 
.Tan.  24.  1904.  f>n,->,  /:?/5. 

Xiiithiiiw  s,""".'""',  Linn..  Sp.  P1.987  (1753).Brna-wRED, 
Spiny  clot-bui,  Boete-boB.iie,  Pinoti-bosjie.    Native  of  the  Old 
World   tropics,  Uriiii;   now  cosmopolitan.     A   most  pernicious 
d.  again*!    wbicli  laws  have  been  enacted   in  Cape  Colony, 
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;*iO;  Belfast,  farm  Kietvlei,  alt.  6,000  ft..  Feb.  5,  1904,  Davy 

1251 ;  PrettJiia,  railway  cuttiug  at  Daspoort,  Feb.  1904 :  PotcUef- 

strouQi,  alt,  4,500  it.,  an  escape  on  vacant  erveu,  Marcii  25,  1904. 

Family  CnrciFEB.K  :   Cabbage  Family. 

Barbaren  pmvoj^,  R.Br,  in  Ait.  Hurt.  Kew— ed.  2,  4  :  109. 
(?)  Xatire  of  Kumpe;  in  1SG5  reported  as  a  weed  in  cultivated 
giiiund  in  Cape  Colony,  Flora  Capenni-i.  What  appears  to  be 
this  species  is  an  ocrasional  weed  in  moist,  shady  places  along 
water-furrows  and  the  boideis  of  gardens  in  Pretoria. 

Brn^ncn  campc^tris,  Linn.,  Sp.  PI.  6G6  (1753).  Wild 
iiAi'E.  Probably  a  native  of  S.E.Europe  aud  S.W.  Asia;  culti- 
vated all  over  the  civilised  world,  ami  found  as  a  weed  in  culti- 
vated ground.  Standerton,  alt.  5,000  ft.,  a  casual  weed  in  the 
hotel  yard,  Jan.  5,  1904,  Davy  S94;  farm  Beginsel,  a  casual  weed 
in  an  old  garden,  Slareh  29,  1904,  Davy  179S. 

Bratsica  nigra,  Koch,  in  Itoehl.  Deulschl.  Fl.  cd.  3,  4  :  7I3. 
Buck  MrsT.iKi).  Native  of  Europe,  N.  Africa  and  W.  Asia 
eastward  to  the  Himalaya;  cultivated  throughout  the  world,  and" 
naturalised  in  the  United  Stales;  common  as  an  escape  in  Eng- 
land. Standerton.  an  immigrant  in  a  garden  on  the  farm  Begin- 
sel, March  30.  1904  Dary  1795. 

CapxeUa  bursa-pasloris,  Medic.  Pflanzeng.  85  (1T92V  Shep- 
herd's PCRSE.  Native  of  Temperate  and  Arctic  Europe.  N. 
Africa  and  Asia,  eastward  to  the  Ilimalaya;  introduced  into  all 
temperate  climates;  ascends  to  1500  ft.  alt.  in  the  British 
Islands,  Hook.  f.  In  1860  recorded  as  occurring  In  cultivated 
ground  throughout  Cape  Colony,  Flora  Capensif.  I  have  found 
only  a  solitary  specimen  in  the  Transvaal :— Belfast,  on  balUst 
8t  the  railway  station,  alt.  6,446  ft.,  Feb.  T.  1904,  Davy  1391. 

CoTonopus  didymus  (L.)  Smith,  Fl.  Brit.  2  :  691.  W.\ET- 
ruEi^s.  Native  of  temperate  South  America;  a  colonist  else- 
where, Hool;  f.  Naturalised  in  England,  California,  S.  Africa, 
etc.  In  Natal  it  occurs  below  1,000  ft.  alt..  /.  ^f.  WomJ.  In 
I860  it  was  recorded  as  occurring  on  waysides  and  on  rubbish 
about  Capetown,  Flora  Capemin.  In  the  Transvaal  I  have  seen 
it  only  in  Pretoria,  where  a  few  plants  occur  at  the  foot  of  a 
stone  foundation  at  the  corner  of  St.  Andries  and  Pretorius 
Streets,  March  17,  1904.  Davy  1749;  it  also  occurs  in  a  garden 
in  Snnnyside. 

LvpUUti,,,  capime.  Thunb.,  Prodr.  Pt.  Cap.  107.  C.*.pe 
PKrpER-ciiE.s.s.  SiipDosed  to  be  a  native  of  Cape  Colony;  in 
Natal  it  occurs  below'  1.000  ft.  all..  /.  1/.  Woo,l.  In  the  frans- 
va.ll  it  appears  to  be  an  alien,  and  is  one  of  the  most  abundant 
of  iiur  roadside  weeds,  but  seldom  collected: — Pi-eliuia,  alt. 
4.400  ft.,  a  comin<m  roadside  need,  N-.v.  29.  1903,  Dav>i  S22; 
Belfast,  alt.  6.400  ft.,  a  common  weed.  Feb.  8, 1904.  Davii  7466. 

\a»turiiuiii  ofiivinnh.  U.Br,  in  Ait.  Ilort.  Kew.  ed.  2.  4  : 
111.  WATF.B-rRESs.  Native  of  Europe.  In  I860  reported  as 
occurring  "  in  sti-eams  and  ditches  near  Capetown,  and  at  Kra- 
kiikamma.  Titenhage,  Flora  Copnisif.    In  the  Transvaal  I  have 
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only  found  it  in  Pretoria,  in  the  Aapies  Kiver  and  its  tribu- 
taries, where  it  is  said  to  have  been  intentionally  introduced 
■some  years  ago.  It  is  reported  as  common  in  certain  fonteins 
near  Morgenzon,  north-east  of  Standerton,  though  not  at  ilor- 
genzpn  itself. 

Raphanus  raphanistriim,  Linn.,  Sp.  PI.  669  (1753).  Joixted 
CHARLOCK,  White  charlock.  Hunch;  also  called  Wild  radish, 
but  this  name  is  more  properly  applied  to  1{.  sat  tits,  which  in 
some  countries  has  become  naturalised  as  a  common  and  trouble- 
some wefed.  Native  of  Europe  (Arctic),  N.  Africa,  N.  and  W. 
Asia  eastward  to  India,  Hook.  /.;  a  colonist  in  England,  Wats.; 
introduced  in  America,  Hook.  f.  Adventive  in  the  Transvaal :  — 
Potchefstroom,  alt.  4,500  ft.,  a  few  specimens  in  stubble,  Nov. 
1903,  Davy  1816;  Belfast,  alt.  6,446  ft.,  common  at  the  railway 
station  and  the  old  Repatriation  Camp  site,  Feb.  7,  1904,  Davy 
1385. 

Sisynihrium  capense,  Thunb.,  Prodr.  PI.  Cap.  109;  Flora 
Capensis  497.  Cape  mustard.  Native  of  Cape  Colony;  found 
also  in  Natal,  below  1,000  ft.  alt.,  /.  M.  Wood.  In  the  Trans- 
A-aal  it  is  evidently  an  alien: — Standerton,  alt.  5,000  ft.,  a  com- 
mon weed  of  roadsides  and  vacant  erven,  Jan.  5,  1904,  Davy  S^6. 

Family  Cyperace.f.  :   Sedge  Family. 

Cypcrus  esculent tis,  Linn.,  Sp.  PI.  45  (1753).  Eixches, 
rintjes,  Um-tata.  Found  in  all  tropical  and  warm  temperate 
regions  except  Malaya,  Australia  and^ Oceania,  C.  B.  Clarke  \  a 
troublesome  weed  in  Natal.  Evidently  an  alien  in  the  Trans- 
vaal, where  it  is  a  troublesome  orchard  and  garden  weed.  It  is 
difficult  to  eradicate,  as  the  plants  produce  underground  tubers 
which  break  off  easily  when  the  plants  are  pulled  or  dug  out,  and 
each  of  which  will  form  a  new  plant: — Pretoria,  4,400  ft.  alt., 
Rehwann  4776',  Houtbosch,  Relnnann  o654\  Pretoria,  a  trouble- 
some weed  around  fruit  trees  in  orchards  at  Hartebeoste-nek, 
Nov.  14,  1903  Davy  765;  Potchefstroom,  alt.  4,500  ft.,  a  common 
garden  weed,  Dec.  27,  1903;  Davy  857,  1769  \  Ermolo,  trouble- 
some in  orchards,  Jan.  8,  1904,  Davy  973;  Warm  Baths,  a  com- 
mon weed  in  cultivated  land,  Jan.  31,  1904,  Davy  1161;  Belfast, 
a  plentiful  and  troublesome  garden  weed,  farm  Riotvloi,  alt. 
€,000  ft.,  Feb.  5,  1904,  Davy  1255. 

Mariscus  sieherianus,  Nees  in  Linna'a  9  :  286.  (Cyperus 
steudelianus,  Bceckl.,  in  Linnsea  36  :  382  (1869-70).  S'^ative 
of  Tropical  Africa.  Barberton,  a  weed  in  tlie  Turtoii  orchard. 
Moody  Concession,  eight  miles  west  of  town,  June  9,  1003, 
Davy  251;  reported  to  be  a  troublesome  weed,  but  my  informant 
may  have  been  mistaken  as  to  the  identity  of  the  species. 

Family  EupnoRBiACE.E :    Castor-bean   Family. 

Euphorhia  sanguinea,  Ilochst.  and  Steud.  ex  Boiss.  in  DC. 
Prodr.  15  :  Pt.  2,  35.  Native  of  Tropical  Africa.  A  common 
garden  weed  in  Pretoria ;  possibly  indigenous. 

Ricinns  communis,  Linn.,  Sp.  PI.  1007  (1753).  Castor- 
bean,  Castor-oil  bush,  Palma  Christi.  Native  of  India  and  possi- 
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^^--J  alao  of  Tropical  Africa;  uow  extensively  cultivated  and 
maturalised  in  S.  Eiintpe,  N.  uud  S.  Africa,  the  atmtliern  and 
•outh-westcrn  Fiiited  States,  etc.  Natal,  from  sea-level  to 
^,000  ft.  all.,  J.  .1/.  Wond;  common  in  tlie  hush  near  Diirbnu. 
3^^ot  iincommuu  in  the  Tianavaal,  particularly  below  4.500  ft. 
«lt;  Pretoria,  ISarberton,  ete. 

Ricinua  vaiiimunis  Ucidux,  Jaeq.  (B.  sanguineus,  Hort.  ex 
■Grocnland  in  Rev.  Hurt.  Ser.  4,  7  t  601  (1858);  see  also  Rev. 
B^ort.  Ser.  4,  7  :  182,18-'!),  Scarlet  castor-bean.  Pi-etoria, 
Along  the  railway  track  near  the  Fountains,  Feb.  25,  1904. 
Family  GnAUiNE.E:  Grass  Family. 
Amhop»go>i  h<ilci,c)i^h  vffusiis,  Stapf.  in  Hook.  Fl.  Brit. 
Tnd.  ;  183  (Sorghum  halepense,  Pers.,  var.)  John'SON-geass, 
Iver-grt'un  millet,  Native  of  the  Mediterranean  Region  (S, 
Europe,  N.  Africa,  Asiat;  it  occurs  throughout  the  tropics,  but 
particularly  iii  Africa.  In  S.  Africa  it  is  found  in  Natal,  Pondo- 
iHnd,  Tembuland,  Little  Namaqualand,  Romgha  and  Knysna, 
£tapf.  The  form  from  which  the  species  was  originally 
described  is  apparently  only  a  weaker  state  with  smaller  spike- 
leta,  Stnpf.  In  Natal,  Mr.  ,T'.  Medley  Wood  reports  that  it  occurs 
Iwtween  1,00(1  and  2,000  ft.  alt.,  but  that  it  is  not  common.  In 
the  Transvaal  it  appears  to  be  extrf-mely  local,  and  is  often,  if 
not  alwaj's,  a  colonist :  — Zeerust,  along  the  Groot  Marico  River, 
May  22,  1903,  Dary  122;  Barberton,  becoming  a  troublesome 
weed  in  Tuiton'a  orchard,  Moo<ly  Concession,  June  9,  1903, 
Davji  248;  Haaman's  Kraal  Railway  Station,  ult.  3,389  ft.,  a 
Aolitnry  specimen,  .Tan.  30,  1904,  Vavji  lOSS;  Springbok  Flats,  a 
few  specimens  on  farm  Twepklaagte,  Jan.  30,  1904,  Dav;/  1128: 
Warm  Baths,  not  uncommon  as  a  farm  weed,  Jan.  31.  1904. 
One  of  the  worst  weeds  of  cultivation. 

Andropogon  sorghum.  }irn{.,¥\.lj\iiiLt  :  88.  The  Kaffir- 
-coruB  and  a  Sorglium  are  cultivated  by  the  natives  of  the  Trana- 
V«al,  for  food,  and  for  the  preparation  of  a  Kaffir  beer.  I  have 
not  fonnd  any  of  them  growing  spontaneously  in  the  Transvaal, 
*ven  aa  escapes,  but  they  are  included  here  l)ecaU8e  there  are 
some  Transvaal  records  for  thcni  in  the  books,  and  in  order  to 
vail  attention  to  them  with  a  view  to  eliciting  information. 

Andropiigon  sorghum  Ncsii,  Kiirn.  in  Baumann,  Usam- 
bara,  319.  White  kaffih-corn.  Found  in  the  Koosa  country 
and  from  Wilge-bosch  Spruit,  in  the  Orange  River  Colony  (?): 
Kuaijea  Kraal,  Knysng  Div..  BiirchvU  527S;  Takun,  Bechuana- 
land.  Biiri-hiU  22}4  teste  Stapf.  Said  to  he  grown  also  in 
vuriouB  parts  of  tropical  Africa,  Stapf.  A  white  Kaffir-corn, 
which  is  piiibaldy  this  variety,  is  cultivated  by  the  natives  of 
the  Transvaal  on  the  High  Veld  and  probably  elsewbei-e. 

Aiidropiiffou  miTjihum  Sriif/ikit,  Korn.  in  Baumann.  Tsam- 
bnni,  319.  Red  KAKFin-roit^.  Typf  lomlity :  "  Bosch  A"eld, 
n"rth   of  the  Majfrtlics  SLnintains.  in    the   Transvaal,  Srhe/ik. 
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Said  to  be  ^rown  also  in  various  parts  of  Tropical  Africa.'* 
Stapf.  A  re3  Kaffir-com  which  is  probably  this  variety,  is  culti- 
vated by  natives  on  the  High  Veld;  Stapf  does  not  state 
whether  Schenk's  plant  was  growing  spontaneously  or  in  culti- 
vation. 

Andropogon  sorghum  saccharatus  (L.)  Korn.  in  Kom.  and 
Wern.  Handb.  d.  Getreidebaues  310.  Sorghum,  Imphee,  Sweet 
sorghum,  Sugar  sorghum.  Stapf  states  that  this  is  said  to  be 
the  commonest  form  grown  in  Tropical  Africa,  and  that  it  is  also 
cultivated  in  Tropical  Arabia,  India,  Southern  Europe,  and  the 
United  States.  It  is  grown  by  the  natives  of  the  Transvaal  to  a 
limited  extent,  for  the  sake  of  the  sweet  canes,  which  they  are 
fond  of  chewing.  It  does  not  appear  to  be  grown  to  nearly  as 
great  an  extent  as  the  Kaffir  corns. 

Arundo  donax^  Linn.,  Sp.  PI.  81  (1753).  Giant  reed. 
Native  of  the  eastern  Mediterranean  region  and  the  Orient : 
largely  cultivated  for  ornament  and  naturalised  as  a  garden 
escape  in  many  warm-temperate  countries.  Frequently  culti- 
vated, in  the  Transvaal,  for  ornament,  and  occasionally  found 
as  an  escape :  — Crocodile  River,  north  of  the  Magaliesberg» 
June,  1903. 

Avena  sattva,  Linn.,  Sp.  PI.  79  (1753).  Common  oats. 
Probably  of  Mediterranean  Region  origin,  Stapf:  widely  culti- 
vated for  corn  and  forage  in  the  temi>erate  regions  of  both  hemi- 
spheres. In  the  Transvaal  it  occurs  sparingly  as  an  escape  from 
cultivation  or  from  scattered  horse-feed: — Belfast,  site  of  old 
Repatriation  Camp,  alt.  6,446  ft.,  Feb.  7,  1904,  Davy  1383. 

Bromus  Wtlldenotcil,  Kunth,  Rev.  Gram.l  :  134  (B.  unio- 
loides,  Auct.  not  of  Willd.)  Rescue-grass,  Prairie-grass,. 
Schrader's  brome-grass.  Native  of  S.  America  and  Mexico, 
|>erhaps  also  of  the  south-western  United  States  from  the  Indian 
Territory  and  Texas  to  Arizona  and  Southern  California ;  intro- 
duced into  Alabama,  N.  California,  Southern  Europe,  India^ 
Southern  Australia,  Tristan  D'Acunha,  S.  Africa,  etc.;  often 
grown  for  forage.  In  the  Transvaal  it  appears  to  have  been  intro- 
duced with  garden  or  farm  seeds,  perhaps  from  Australia,  or  per- 
haps with  forage.  It  is  sparingly  naturalised  in  shady  places,  but 
does  not  appear  to  take  kindly  to  the  climate,  it  is  usually  depau- 
perate and  has  a  "  starved  "  aspect :  — Lydenburg,  moist,  shady 
places,  June  16,  1903,  Davy  413:  Potchefstroom,  occasional  at 
Haaskraal,  Oct.  10,  1903,  Davy  1764,  shadv  orchards  in  town, 
Dec.  27,  19a3,  Davy  77^7:  Warm  Baths,  alt.  3,500  ft.,  in  the 
shade  of  a  Banana  plantation,  Nov.  1903,  Davy  1769:  Belfast, 
an  orchard  weed  at  farm  Rietvlei,  alt.  6,000  ft.,  common  under 
trees,  but  depauperate  except  where  it  gets  a  little  irrigation, 
Feb.  5,  1904,  Davy  1266.  It  is  said  that  horses  refuse  to  eat  it 
when  it  has  grown  in  the  shade. 

Chloris  virpata,  Swartz,  Fl.  Ind.  Occ.l   :  203.      Rhodes" 
crass,  Chloris,  Sweet-gf  ass.  Blue-grass.  Widely  spread  through 
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the  tropica  of  botli  lieDiiBpiieies,  Stapf.  Common  tbrougliout  S. 
Africa;  apparently  an  alieii  in  tlie  TraiiBvaal,  at  least  on  the 
High  Veld,  where  it  ia  most  abuudant  along  roads,  in  old  maize 
or  oat  fields  and  in  vieis: — Near  Lvdenburg,  Atbcrstone;  Zee- 
met,  a  weed  in  cultivated  laud  at  Willow  Park  Farm,  May,  1903, 
Dacy  561;  Pretoria,  alt.  4,400  ft., a  common  weed  in  cultivated 
land,  October,  1903,  Davy  1774;  Stauderton,  alt,  5,000  ft.,  a 
common  weed,  Jan.  5. 1904,  Davy  907;  Haaman's  Kraal  Railroad 
Station,  alt.  3,389  ft.,  Jan.  30,  1904,  Davy  1090.  A  yaluable 
iknoual  hay-grass,  much  liked  by  stock  when  properly  cured. 

Ci/nndon  dnctyhm  (L.)  Pers.  Syn.  PI.  1  :  83.  Behmud.v- 
GBASS,  Dog's-tooth  grass,  Doub,  Doob,  Dub,  Regte  kweek-gras, 
Tweek-grass,  Chieu-deut.  Indigenous  throughout  India,  where 
it  ascends  to  5,000  ft.  alt.;  now  almost  cosmopolitan,  occuiTing 
all  around  the  world  in  the  two  warmer  zones.  In  Natal  it 
occurs  below  1,000  ft.  alt.  J.  M.  Wood.  lu  the  Transvaal  it 
appears  to  be  an  alien,  it  is  common  around  homesteadH.  outspan 
places,  roadsides  and  vacant  erven  in  towns  and  villages:  — 
HoutboBcIi,  RchmaiiH  5713;  near  Lydenburg,  Wilms  1701; 
Pretoria.a  troublesome  weed  in  orchards.  Hartebeeste-nek,  Nov. 
14.  1900 :  Fourteen  Streams,  common,  Feb.  14,  1904.  Davy  15SS; 
SchweiKfr  Rcneke,  common  around  farmstead,  Yierfonteiii,  Feb. 
17,  1904,  Davy  1634.  The  principal  pasture  plant  in  many  warm, 
dry  cltm»(e)4.  but  a  most  injurious  weed  in  orchards,  gardens  and 
farm  lands,  where  it  is  almost  impossible  to  eradicate  it  if  once 
well  established. 

Dactyloctenium  agyplium  (L.)  Willd.  Enum.  PI.  Hort. 
Berol.  1029  (18091.  Crowfoot-geass,  Duck-grass,  Chiendcnt 
palte  de  ponies:  original  home  uncertain;  now  widely  spread 
throughout  the  tropical  and  sub-tropical  regions  of  both  hemi- 
spheres, ■'^tnpf.  Commonly  naturalised  in  the  Southern  United 
States  aud  sparingly  in  California.  It  is  occasional  in  the  Coast 
region  of  Citpe  Colony,  near  the  mouth  of  the  Kei  River,  etc. ; 
also  in  the  Eastern  region;  in  Pondoland,  on  the  shore  between 
the  Umtsikaba  and  ITmtentti  Rivers;  on  the  Durban  Flats,  and 
elsewhere  near  Durban  and  at  Delagoa  Bay.  In  the  Transvaal 
this  grass  appears  to  l>e  an  alien,  at  least  on  the  High  Veld 
and  in  the  Bush  Veld,  but  it  is  possibly  indigenous  to  the  Low- 
rountry  north  and  east: — Klippan,  in  the  Bosch-veld,  Reh- 
inajtn  5357;  Warm  Baths,  alt.  3,524  ft.,  a  common  weed  along 
the  road  from  the  railroad  station  to  the  baths,  Dec.  1903,  Davy 
J75S:  Haaman's  Kraal  Railroad  Station,  alt.  3,389  ft.  a  ballast 
weed.  Jan.  30,  1904.  Davy  1095;  Pretoria,  alt.  4.400  ft.,  an  occa- 
sional garden  weed  (escaped  from  a  lawn?),  March.  1904.  Davy. 
In  Durban  it  is  sometimes  used  for  lawns:  in  the  Southern 
United  States  it  is  usually  found  in  cultivated  fields,  often  in 
such  abundance  as  to  displace  the  less  vigorous  native  grasses, 
and  it  is  sometimes  cut  for  hay,  Scrihner.  Though  an  annual 
grass  it  is  said  to  be  valued  for  pasture  in  Australia.     Hackel 
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states  that  in  parts  of  Africa  a  decoction  is  prepared  from  the 
seeds,  which  is  used  for  inflammation  of  the  kidneys. 

Eleusine  indica  (L.)  Gaertn.  Fruct.  1  :  8.  Goose-grass, 
Chiendent  patte  de  poules.  Native  of  the  tropics  of  the  Old 
World;  probably  introduced  in  the  new  world,  Stapf. 
Natal,  a  troublesome  weed,  growing  very  rank  under 
favourable  conditions,  J,  M.  Wood.  In  the  Transvaal  it 
is  a  troublesome  weed  of  gardens,  roadsides  and  cultivated  lands ; 
it  roots  deeply  and  holds  tenaciously  to  the  soil :  — Johannesburg, 
E.S.C.  A.  Herb.  307  teste  Stop/.;  Potchef stroom,  alt.  4,500  ft.,  a 
common  roadside  weed,  Jan.  23,  1904,  Davy  1058  \  Pretoria, 
alt.  4,400  f tj^  common  roadside,  garden  and  farm  weed,  Jan.  16, 
1904,  Davy  1039;  Warm  Baths,  alt.  3,524  ft.,  a  common  weed  in 
cultivated  ground,  Jan.  31,  1904,  Davy  1142;  Waterval  Boven, 
alt.  4,826  ft.,  common  weed  on  railway  ballast  heaps,  Feb.  4, 
1904,  Davy  1432;  Schweizer  Eeneke,  a  common  roadside  weed, 
Feb.  18, 1904,  Davy  1674;  Standerton,  a  small  patch  on  the  farm 
Beginsel,  introduced  with  manure  or  forage,  March  29,  1904; 
Belfast,  alt.  6,400  ft.,  a  garden  and  roadside  weed,  Feb.  5,  1904, 
Davy  1264;  Irene,  alt.  4,800  ft.  a  common  weed,  Feb.  25,  1904. 

Eraqrostis  minor  vieffastachya  (Link)  Davyin  Jepson  Flor. 
Midd.-West  Calif.  60  (1901)  (E.  major.  Host).  Stixk-grass. 
Native  of  the  Mediterranean  region  and  India ;  probably  intro- 
duced in  S.  Africa,  Stupf;  spread  through  the  two  warmer  zones 
of  both  hemispheres,  BaJcer.  Only  occasional  in  the  Transvaal : 
Near  Lydenburg,  Atherstone;  Warm  Baths,  a  common  weed  in 
cultivated  ground,  Jan.  31,  1904,  Davy  1143  and  March  7,  1904, 
Davy  1704;  Standerton,  alt.  5,000  ft.,  an  occasional  weed,  March 
28,  1904,  Davy  1782. 

Loliuvi  temulentum,  Linn.  Sp.  PI.  83  (1733).  Darnel, 
Cheat.  Native  of  Europe,  N.  Africa,  W.  Siberia,  and  India; 
Hool\  f,  introduced  in  N.  America,  S.  Africa,  etc.,  a  colonist  in 
England,  Wats.  Adventive  in  the  Transvaal,  in  grain-fields, 
etc.  Matebe  Valley,  Holub;  Potchef  stroom,  alt.  4,500  ft.,  natur- 
alised on  roadsides,  Dec.  27,  1903,  Davy  852,  and  in  oat  stubble, 
Oct.  10,  1903,  Davy  1762;  Pretoria,  alt.  4,400  ft.,  an  occasional 
weed,  March,  1904.    The  grain  (**  seed  ")  is  very  poisonous. 

Lolium  tcmulentuin  arvr7ise  (With.)  Syme.  Beardless 
DARNEL,  Beardless  cheat.  Distribution,  same  as  that  of  the 
species?  Potchef  stroom,  alt.  4,500  ft.,  in  oat  stubble,  less  com- 
mon than  the  species,  Oct.  10,  1903,  Davy  1763;  Pretoria,  alt, 
4,400  ft.,  an  occasional  weed,  March,  1904. 

Panicuvi  helopns  plabrcsccns,  K.  Sclium.  in  Engl.  Pfl.  Ost. 
Afr.  C.  101.  Native  of  East  Africa,  Abyssinia,  ihe  Mascarene 
Islands,  and  India:  reported  from  Natal,  the  Orange  River 
Colony,  and  the  plains  near  Queenstown  at  an  altitude  of 
3,500  ft.  A  troublesome  annual  weed  of  cultivatol  land  in  the 
Transvaal : — Pretoria,  alt.  4,400  ft.,  a  common  and  troublesome 
weed,  Dec.  16, 1903,  Davy  789,  and  at  Hartebeeste-nek,  Nov.  14, 
1903,  Davy  785;  Standerton,  alt.  5,000  ft.,  a  common  weed  by 
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roadsides  ami  in  gardens,  Jan.  5,  1904,  Dany  906;  Haaman's 
Kraal  Railroad  Station,  alf.  •i,'M9  ft.,  a  ballast  weed.  Jan.  30, 
1904,  Dm-;/  1094.  Seeds  profuaely,  the  grain  ripL>ning  and  fall- 
ing iiTPgularlv. 

PM/NrKH.  M«fA«c,  notUexIlo'ia.and  Schult.  Syet.  2:  458; 
xCi>v.  PI.  Sp. -34.  Native  of  the  Mediterranean  region,  Abyssinia 
and  India;  fniind  also  in  Natal,  Basutoland,  the  Transliei  and 
Ilet'Liiaiiiiland.  In  llie  Transvaal  jl  is  a  troublesiiine  weed  "f 
fullivntcd  lands,  difficult  (<>  eradicate,  as  it  ronts  at  the  nodes, 
«nd  tlie  interiimics  break  easily  when  it  is  hoed  or  pulled, 
leaving  llie  nodes  ("joints")  to  form  new  plants: — Pretoria, 
alt.  4,400  ft.,  a  common  and  troublesome  weed,  Dec,  1903, 
Oavy  700 :  Skinner's  Court,  common  in  wet  black  loam.  Dec, 
1903.  Itavy  793:  Waterval  Boven,  alt.  4,826  ft.,  an  occasional 
weed.  Fob.  4,  1904,  Dar^  1444:  Belfast,  a  garden  weed  at  farm 
Riotvlei.  alt.  6,000  ft.,  Feb.  5,  1904.  Dacy  1259:  Standerton.  alt. 
5.000  ft.,  a  common  roadside  weed.  Jan.  5,  1904,  Davy  SO?:  a 
garden  weed  at  farm  Beginsel,  March  29,  1904,  Dar//  1793. 

Pafpahivi  clilntatuiii,  Poir..  Kncyd.  5  ;  -15.  L.\rge  wateh- 
GHASs,  Bi-ecikaad.  Native  of  Brazil;  naturalised  (apparently) 
in  the  S.E.  United  States;  an  alien  in  Australia  and  S.  Africa. 
Cultivated  for  pasture  in  Australia  and  (experimentally)  in 
Natal,  the  Orange  lliver  Colony,  and  the  Transvaal :  ^Lyden- 
burg,  well  established  near  the  spruit,  June  16,  1903,  Davy  4f/S; 
Pretoria,  alt.  4,400  ft.,  well-established  and  spreading  rapidly 
in  moist  soils,  along  the  Aapies  lliver  and  near  water-furrows 
in  the  lower  parts  of  town,  Dec.I90H,  lJavy7SS.  Considered  an 
exwdlent  pasture  grass,  and  when  well  established  enduring 
seasons  of  excessive  drought  without  injury.  It  is  particularly 
valuable  as  furnishing  excellent  late  summer  and  autumn  feed, 
during  which  period  it  makes  its  principal  growth,  Scribner. 

Ptiunu-lum  fiiivatum  (Willd.)  Itoem.  and  Schult.  Sysl.  2 
499.  Peakl-uillkt,  Cat-tail  millet,  Leeuja  (Sesutu),  I  mvelli- 
velli  (Illatabele).  Native  of  Tropical  Africa  (and  India?);  cul- 
tivated in  numerous  forms  in  Tropical  Africa  and  India,  for  its 
grain;  and  in  the  I'nited  States  for  forage;  in  S.  Africa  it 
appears  to  occur  only  as  a  cultivated  crop  or  as  an  escape. 
Stapf  cites  the  following  collectiDiis  ;  -  -"  In  Mr.  Hesse's  garden 
at  Cape  Town,  Imnight  from  Inhambaiie,"  Biirchell:  in 
Tabana's  gardens,  Cave  Mountains,  Transvaal.  .Xehon,  3S:  near 
Durban.  iJiifje:  Delagoa  Bay,  Scult:  Orange  River  Colony, 
Cnoprr.  In  the  Transvaal  I  have  only  seen  it  as  a  cultivated 
crop: — Springbok  Flats,  cultivated  by  the  natives  for  the  pre- 
paration of  Kaffir  beer,  March  6,  1904,  Davy  1724. 

Plutlmh  cn„nrin,.<i>,  Linn.,  Sp,  PI.  54  (175.1)  Can.\HT- 
ORASS.  Native  of  warm  and  temperate  Europe,  N.  Africa,  and 
W.  Asia;  introduced  In  N.  America;  an  escape  in  fields  and 
wjiste  places  in  Briliiin,  l/ool:  f.  Pretoria,  alt.  4,400  ft.  acci- 
dentally introdiii  ■  ■■ 
lironght  by  the  w 


■t'd  with  grass  and  other  forage  plant  seeds, 
rilcr.  from  California,  in  May,  190:i:  Skinner's 
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Court,  Nov.,  1903,  Davy  792.    Scarcely  likely  to  become  natur- 
alised in  the  Transvaal. 

Phalaris  viinor,  Betz.  Obs.  3  :  8.  Small  canahy-ghass. 
Native  of  the  eastern  Mediterranean  region,  Greece,  the  Orient, 
etc.;  introduced  in  many  other  parts  of  the  world;  naturalised 
in  the  coast  region  of  S.  Africa,  and  in  Tembuland,  4,000  ft.  alt., 
St^pf.  Pretoria,  alt.  4,400  ft.,  accidentally  introduced  with 
grass  and  other  forage  plant  seeds,  brought  by  the  writer, 
from  California,  in  May,  1903,  Skinner's  Court,  Nov.,  1903. 

Phleiim  pratense,  Linn.,  Sp.  PI.  59  (1753).  Timothy. 
Timothy-grass.  Native  of  Europe,  N.  Africa,  Siberia  and  W. 
Asia;  ascends  to  1,400  ft.  in  the  north  of  England,  HooJc.  /.; 
cultivated  as  a  hay  crop  in  most  humid  temperate  regions,  and 
often  found  as  an  escape.  In  the  Transvaal  I  have  only  found 
it  spontaneous  once: — Near  Nylstroom,  a  farm  escape,  Nov., 
1903. 

Poa  annua,  Linn.,  Sp.  PI.  68  (1753).  Walk-grass.  Native 
of  north  temperate  Europe  (Arctic),  Asia  and  N.  Africa;  ascends 
to  3.200  ft.  in  the  Highlands  of  Scotland ;  doubtfully  indigenous 
in  N.  America,  Hook.  f.  A  common  weed  of  garden  walks  in 
England,  California,  etc.  In  the  Transvaal  it  is  adventive,  but 
does  not  appear  to  colonise  readily: — Lydenburg,  in  moist, 
shady  places  by  the  water-furrow  on  the  main  street,  June  15, 
1903,  Daily  401  \  Potchefstroom,  alt.  4,500  ft.,  on  garden  paths 
and  along  water-furrows,  occasional,  Dec.  27,  1903,  Davy  1034; 
Belfast,  alt.  6,446  ft.,  at  foot  of  water  tank  at  the  railway 
station,  Feb.  7,  1904,  Davy  1390;  Pretoria,  alt.  4,400  ft.,  foot  of 
a  damp,  shaded  wall,  March  16,  1904,  Dary  1750  \  Johannes- 
burg, shady  garden  walk  near  Bissik  Street,  April,  1904. 

IfoHhoelh'a  roviprc.^sa  fasciculata.  Hack.  Androp.  in  DC. 
Mouogr.  Phan.  6  :  286.  Found  throughout  the  warm  countries 
of  both  hemispheres,  in  many  localities,  evidently  introduced; 
the  species  occurs  throughout  India  and  south-west  China, 
Stapf.  In  S.  Africa  only  the  variety  is  known  to  occur;  it  has 
been  collected  in  Cape  Colony,  Natal  and  the  Transvaal,  and 
may  be  indigenous  here:-  Pretoria,  alt.  4,400  ft.,  common  in 
marshy  ground  at  Skinner's  Court,  Dec.  1903;  Belfast,  alt. 
6,400  ft.,  connncm  on  the  borders  of  pans  ccmtaining  stagnant 
water,  Feb.  5,  1904,  Dary  1279 \  Standerton,  common  on  the 
borders  of  stagnant  vleis,  March,  1904. 

Set  aria  rcrtivillafa.  Beau  v.,  Agrost.  51.  Bristly  foxtail, 
Klits-gras.  Probably  native  of  Europe;  but  now  widely  distri- 
buted thnKijfhout  the  tropical  and  warmer  temperate  regions  of 
the  world,  as  a  weed  in  cultivated  ground;  naturalised  in  the 
Eastern  I'nited  States,  etc.  Near  Lydenburg,  Atheratone, 
Wihn.<  1070;  Zoutspansberg,  Xclson  16;  Pretoria,  alt.  4,400  ft., 
a  weed  in  yards  and  cultivated  ground,  Jan.  16,  1904,  Davy 
1040;  IFarteboeste-nek,  an  orchard  weed,  Xov.  14,  1903,  Davy 
767 \  Warm  Baths,  alt.  3,500  ft.,  a  roadside  weed,  Nov.,  1903; 
Belfast,  a  garden  weed,  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5, 


SrosT.VNKoi's  Alikn   Pl.v: 


271 


1904.  Davy  12o7;  Klerksdorp,  an  orchard  weed  at  farm  Jak- 
lialefontein,  Feb.,  1904.  lliir  plant  does  not  appear  to  be  iden- 
tical with  the  European  form,  and  is  poasibly  the  one  refeired 
to  by  some  authoi's  under  the  specific  name  Aparhie,  which  may 
be  indigenous  to  tropical  Africa. 

Tragus  raccmoius.  Scop.  Introd.  7:i;  All.  Fl.  Pedem.  2: 
S41.  C.tUHOT-SEED  Gii.\ss,  Prickle-gFass.  Sative  of  the  Sledi- 
terraiiean  i-egion;  also  found  in  Afghanistan;  now  a  common 
weed  in  most  warm  countries  of  both  hemiapheres,  and  widely 
distributed  in  S.  Africa,  being  found  in  the  Coast,  Central  and 
Xalshari  regions  of  Cape  Colony,  in  Natal  and  at  Delagoa  Bay. 
In  the  Transvaal  it  is  a  common  weed  in  vacant  erven  in  towns, 
Along  roadsides  and  near  farmsteads;  Barbertun,  a  weed  along 
the  railway  track  at  Avoca  Station,  June  8,  ISOU,  Davy  241; 
Schweizer  Reneke,  occasional  by  roadsides,  Homau's  Vlei,  Feb. 
17.  1904.  Davij  165S.  The  hooked  prickles  on  the  glumes 
«nable  the  fruits  to  adhere  readily  to  the  hair  and  wool  of 
nimals  and  the  clothing  of  man,  mus  aiding  their  dissemina- 
tion. Thev  may  prove  somewhat  injurious  to  wool  and  mohair. 
Trirhahena  roxea.  Nees,  Cat.  Sem.  Hort.  Vratisl.,  1*35  and 
in  Linnteall:  Lit.  Ber.  129  in  part;  Fl.  Afr.  Austr.  1:  17  in 
part.  Nat.u.  RED-Tor  gbass,  um-Kuana.  Native  of  Tropical 
Africa,  Madagascar  and  southern  Arabia;  common  almost 
throughout  South  Africa.  Barberton,  common  along  road- 
sides and  in  old  maize  fields  ("  mealie-patches  ")  or  other  culti- 
Tated  grounds,  June  9, 190:J,  Davy  26S.  Probably  indigenous  in 
the  Low-country  of  the  Transvaal,  but  apparently  an  alien  on 
■the  High  Veldt,  where  it  seems  to  be  moat  abundant  along  old 
"trek  roads. 

Family  LABIAT.E  :  Mint  Family. 
Leucag  vtnrtiiticensis  (Swartz)  R.Br.  Prodr.  504.  Probably 
«f  Asiatic  origin,  but  now  a  common  tropical  plant;  occurs  in 
Senegal  and  Guinea,  Hook ;  Angola,  plentiful  in  neglected  fields 
near  Lopollo,  Welwitfch;  naturalised  in  Natal,  Harvey,  from 
1.000  to  2.000  ft.  alt,  y.  M.  Wuod.  Evidently  an  alien  in  the 
Transvaal:— Waterval  Bovon,  alt.  4,826  ft.,  Feb.  4,  1004,  a 
on  weed  in  the  villag'e,  Daiiy  1454;  Belfast,  a  single  speci- 
men at  farm  Kietvlei,  alt.  6,000  ft.,  Feb.  1904:  Schweizer 
Iteneke.  a  few  plants  on  farm  Biessieslaagte,  Feb.  18,  1904, 
Davy  1688. 

Mentha  aqiintica,  Linn.,  Sp.  PI.  576  (1753).  Wateh-Mint. 
Jffative  of  Europe,  Asia  and  N.  Africa.  Found  in  Natal  from 
*ea-leip"el  up  to  2,000  ft.  alt.,  J.  M.  Wood.  Occasional  in  the 
Ti-ansvaal : — Pretoria,  along  the  Aapjies  River,  alt.  4,400  ft., 
Jan.  28.  1904.  Davy  1077. 

Salvia  obtumta,  Thunb.  Prodr.  PI.  Cap.  97.  Native  of  S. 
Africa,  but  appnrently  an  alien  in  the  Transvaal,  where  it 
jcciirs  as  a  roadside  weed  in  villages : —Pretoria,  alt.  4.400  ft., 
Nov.   12,   189^,     Schle<htcr  3691   in   Herb.  Natal;     Fourteen 
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cattle,  being  highly  nutritious  and  fattening;  they  are  very 
injurious  to  wool,  however. 

Medicago  sativa,  Linn.,  Sp.  PI.  778  (1753).  Lucerne^ 
Alfalfa,  Purple  medic.  Native  of  the  Eastern  Mediterranean 
region;  naturalised  elsewhere,  Hook.  /.;  now  cultivated  in 
most  arid  warm-temperate  countries,  where  it  is  often  the  prin- 
cipal forage  crop ;  frequently  found  as  a  farm  escape  :  — Stander- 
ton,  a  casual  escape  in  the  garden  of  Beginsel,  March  30,  1904^ 
Davtf  1803. 

Trifolium  hybridum,  Linn.,  Sp.  PI.  766  (1753).  Alsikb 
CLOX'ER.  Native  of  the  Mediterranean  region;  a  valuable 
forage-plant,  frequently  cultivated  in  warm-temperate  coun- 
tries, and  occasionally  found  as  a  farm  escape  :  — Pretoria,  alt. 
4,400  ft.,  an  escape  at  Daspoort,  a  single  specimen,  Jan.  28> 
1904,  Davy  1178:  Potchefstroom,  alt.  4,500  ft.,  a  few  stray  speci- 
mens along  the  irrigation  furrow,  Jan.,  1904. 

Trifolium  pratense  perenne,  Agric,  Percival,  Agric.  Bot. 
404  (1900).  Uow-CLOVER,  Cow-grass,  Perennial  red-clover. 
Native  of  Europe  (Arctic),  N.  and  W.  Asia ;  ascends  to  1,300  ft. 
in  the  Scotch  Highlands ;  introduced  in  N.  America,  Hook.  /. 
A  valuable  forage  plant,  more  extensively  cultivated,  in  humid 
temperate  climates,  than  any  other  clover ;  occasional  as  a  farm- 
escape  :  Standerton,  alt.  5,000  ft.,  a  solitary  plant  naturalised 
on  the  bank  of  the  spruit,  on  rich  black  loam,  Jan.  5,  1904, 
Davy  892:  Belfast,  alt.  6,446  ft.,  a  single  specimen  on  railway 
ballast,  with  Cap.scUay  Spcrgiila,  Poa  an?iua,  etc.,  Feb.  7,  1904, 
Davy  1393. 

Vicia  sativa,  Linn.,  Sp.  PI.  736  (1753).  Common  vetch. 
Tares.  Native  of  the  Mediterranean  region;  cultivated  in 
Europe,  Asia,  and  America  for  forage;  naturalised  in  the 
Northern  United  States  and  South  Africa.  Found  in  Natal,  as 
an  alien,  between  2,000  and  3,000  ft.  alt.,  /.  J/.  Wood.  It 
appears  to  take  readily  to  the  climate  of  the  Transvaal :  Pot- 
chefstroom, alt.  cir.  4,500  ft.,  freelv  naturalised  at  Haaskraal, 
Oct.  10,  1903,  Davy  1766;  near  Nylstroom,  Nov.  1903,  a  farm 
escape. 

Family  Malvace.e  :   Mallow  Family. 

Goftsypiinn  herhaceum,  Linn.,  Sp.  PI.  693  (1753).  Common 
COTTON,  Wild  cotton,  Upland  cotton,  Cotonier.  Native  of 
Tropical  Asia;  the  wild  form  exists  in  Scinde  and  Cabul, 
Oliver;  cultivated  in  almost  every  district  of  Tropical  Africa, 
Oliver:  grown  for  cotton  in  various  parts  of  India,  Japan,  the 
United  States,  Southern  Europe,  etc.  Not  uncommon  in  the 
Low  country  of  the  Transvaal: — Komatiepoort,  occasional  in 
the  bush  near  the  village,  June  12,  1903,  Davy  359;  near  Bar- 
berton,  alt.  500  ft.,  Jan.  1904,  Legge  39  in  Herb.  Natal;  speci- 
mens have  also  been  received  from  Leydsdorp  and  other  places 
in  the  Zoutpansberg  District. 

Hibiscus  trionum  hispidus,  DC,  Prodr.     1    :   453.    Black- 
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EYED  SUSAN.  Original  home  uncertain,  now  a  commpn  weed 
of  most  tropical  and  sub-tropical  countries,  often  cultivated  in 
gardens  as  an  ornamental  annual.  In  Natal  it  is  found  from 
sea-level  up  to  3,000  ft.  alt.,  /.  M.  Wood,  A  common  weed  of 
cultivated  lands  in  the  Transvaal: — Pretoria,  alt.  4,400  ft.,  a 
common  garden  weed,  Dec.  13,  1903,  Davy  798;  Belfast,  a 
garden  weed  at  farm  Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy 
1266, 

Malva  parvi flora,  Linn.,  Diss.  Dem.  PI.  Nov.;  Amoen.  A.cad. 
3  :  41().  Small-flowered  mallow.  Native  of  the  Mediter- 
ranean region;  introduced  with  ballast  into  England,  Hook.  /.; 
abundantly  naturalised  in  California;  in  1860  reported  as  an 
introduced  weed  on  roadsides  and  in  waste  places  in  Cape 
(3ol(my.  Only  occasional  in  the  Transvaal: — -Lydenburg,  an 
o(H!asional  garden  weed,  June  15,  1903,  Davy  397 ;  Potchef- 
stroom,  nit.  4,500  ft.,  a  roadside  weed,  Dec.  27,  1903,  Davy  8S3, 
IfKitj;  lUoemhof,  alt.  cir.  4,100  ft.,  a  common  weed  on  vacant 
erven,  Feb.  11,  1904,  Davy  1511;  Fourteen  Streams,  a  garden 
weed,  Feb.  14,  1904,  Davif  1602. 

Sida  rhomhifoUa,  Linn.,  Sp.  PI.  684  (1753).  Sida,  Pre- 
toria  weed,  Pretoria  bosjie.  Native  land  uncertain;  now  a 
common  weed  of  agriculture  throughout  the  tropics  and 
warmer  temperate  zones  of  both  hemispheres;  reported  from 
the  Kasiern  Districts  of  Cape  Colony  and  from  Port  Natal  as 
early  as  1860;  occurring  in  Natal  below  2,000  ft.  alt.,  /.  M. 
Wood.  Abundant  in  almost  all  the  towns  and  villages  of  the 
Tra!isvaal  from  Zeerxist  to  Barberton  and  Komatie-poort ;  one 
of  (he  !uosi  pro!uinent  and  unsightly  weeds  in  the  borders  of 
cultivated  gardens  and  on  vacant  erven: — Lydenburg,  a  weed 
on  vacant  erven,  but  not  as  plentiful  as  in  Pretoria,  June  16, 
1903,  Davy  41S:  PnMoria,  Zeerust,  Rustenburg,  Barberton, 
Kcnnatie-poort,  etc. 

Family  Meltack.v.  :   Seringa  Family. 

l/f/m  nzvdanuh,  Linn.,  Sp.  PI.  384  (1753).  Bead-thee, 
Cape  lilac,  Indian  lilac.  Pride  of  India,  Pride  of  China,  China 
berry-tivc,  Chinese  wax-berry.  Tame  seringa.  Holy  tree,  Arbre 
a  chapclct.  Lilas  de  I'lnde.  Native  of  the  Himalaya  region  of 
!iorthcrn  India,  and  Persia:  now  cultivated  in  almost  all  warm 
r«»untrics  for  ornament,  shade,  and  for  the  sake  of  its  wood; 
frequently  i*s(»aped  from  cultivation  in  warm  countries.  Natal, 
naturalised  as  an  escape  Mow  t2,000  ft.  alt.,  and  become  a 
nuisance  in  several  places,  7.  M ,  Wood.  Widely  grown  in  the 
Transvaal  as  a  shade  tive.  and  occasionally  met  with  as  an 
es(M»p(» :  Pretoria,  semi-spontaneiuis  as  an  escape  at  Daspoort, 
Dec.  1!U)3.     The  berries  an*  supposed  to  l>e  poisonous. 

Familv  ^Iokaik.v.  :    Mull>errv  Familv. 

»  •  « 

(\nnhjhis  indi<(U  Lam.  Kncyc.  1  :  695.  Dagga,  Insangti, 
Indian  hemp.  Native  of  the  N.TV.  Himalaya  and  Central 
Asia:   extensively    cultivated    in   India.      Introdaoed  into   S. 
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Africa,  and  now  widely  distributed  as  a  garden  weed ;  cultivated 
sparingly  by  the  natives  under  the  name  of  Insangu  for  the 
sake  of  its  leaves  (bhanff)  and  pistillate  flowers,  which  are 
smoked  by  them;  carefully  preserved  by  the  Kaffirs  wherever 
found ;  it  occurs  as  an  escape  in  almost  every  town  and  village 
in  the  Transvaal,  and  in  farm  gardens  :  — Lichtenburg,  a  garden 
weed,  May  18,  1903,  Davy  56;  Barberton,  June,  1903 ;  Potchef- 
stroom,  a  common  escape  on  vacant  erven,  March  25,  1904; 
Standerton,  a  casual  in  the  old  garden  on  farm  Beginsel,  March 
29,  1904,  Davy  1806. 

Family  Myrtace.e  :   Eucalyptus  Family. 

Eucalyptus  globulus,  Labill.,  Voy.  1  :  153,  t.  13;  Nov. 
HoU.  PI.  2  :  121.  Blue-gum.  Native  of  Victoria  and  Tas- 
mania; extensively  cultivated  in  the  Mediterranean  region, 
California,  and  S.  Africa  as  a  windbreak,  to  drain  unhealthy 
low -lands,  for  fuel,  and  for  its  leaves,  from  which  Eucalyptus 
oil  and  Eucalyptol  are  distilled.  Now  semi-spontaneous  in  the 
Transvaal  from  self-sown  seeds  on  the  borders  of  plantations, 
etc. :  — Langlaagte,  spontaneous  in  and  near  plantations,  March 
25,  1904. 

Family  Nyctaginace.e  :    Four  o'clock  Family. 

Mirabilis  jalapa,  Linn.,  Sp.  PI.  177  (1753).  Four  o'clock, 
Marvel  of  Peru,  Belle  de  nuit.  Native  of  Tropical  America. 
Frequently  cultivated  in  flower-gardens  and  often  occurring  as 
a  garden  escape: — Belfast,  a  garden  escape  at  farm  Bietvlei, 
alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1252, 

Family  Onagraceje  :  Evening-primrose  Family. 

(Enoihera  biennis  grandi flora,  Lindl.  Evening-primrose. 
Native  of  N.  America;  less  common  in  the  Eastern  United 
States  than  the  species.  Gray,  Frequently  cultivated  in  gar- 
dens as  an  ornamental,  and  often  found  as  a  garden  escape; 
occasional  in  the  Transvaal : — Belfast,  a  garden  escape  at  farm 
Rietvlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1248:  Belfast,  alt. 
6,400  ft.,  a  solitary  specimen  on  the  roadside  towards  the  Din- 
gaan  monument,  Feb.  6,  1904,  Davy  1325,  a  form  with  entire 
and  very  rigid  leaves. 

Xylopleurum  roseuvi  (Ait.)  Raim.  Native  of  the  south- 
western United  States  (and  Mexico?),  Texas,  and  New  Mexico 
southward.  Offered  by  seedsmen,  and  often  cultivated  in 
gardens;  frequently  found  as  an  escape.  An  alien  in  Natal 
from  2,000  to  3,000  ft.  alt.,  /.  M.  Wood,  Potchefstroom,  4,500 
ft.  alt.,  not  uncommon  as  a  roadside  weed,  Dec.  27,  1904,  Davy 
1038, 

Xylopleurum  tetrapterum  (Cav.)  Raim.  Native  of  the 
south-western  United  States  (and  Mexico  ?),  Texas  and  south- 
ward. Often  cultivated  in  gardens  as  an  ornamental ;  the  flowers 
open  in  the  evening  and  are  fragrant,  pure  white,  changing  to 
pink  in  drying.    Pretoria,  alt.  4,400  ft.,  a  roadside  weed  near  the 
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ton's  orchard,  eiglit  miles  west  of  town.  Jnne  9,  1903.  Davjj 
SoO:  Sheba  road,  April  1904,  Thomctoft  o77,  in  Herb.  Natal. 
Family  Plantagisacf-e:  LamVs-tongue  Family. 
Plantago  lanceitlata,  Linn.,  Sp.  PI.  113  (1753).  Lamc's- 
TOSOUE,  Ribwort.  Native  of  Europe,  N.  Africa.  N.  anil  W. 
Asia,  and  the  Himalaya;  an  alien  in  N.  Amerira  and  S.  Airica; 
ascends  to  2.200  ft.  in  the  Si'otch  Iliglilands,  Hool:  /.  Found 
in  Nntal  from  3,000  to  4.000  ft.  all.,  J.  M.  Wood.  Tiie  leaves 
are  said  to  be  used  in  Scotland  for  drosstng  sores.  Adveutive 
in  the  Transvaal,  and  apparently  faking  kindly  to  the 
*limate: — Pretoria,  alt.  4,400  ft.,  a  common  roadside  weed, 
^nv.  29,  1903.  M/ry  S21 ;  Potchefslrrinm,  alt.  4.500  ft.,  a  com- 
mon roudside  weed,  Dec.  27,  1903,  Dai-y  17GS:  Warm  Baths, 
alt.  3,500  ft.,  u  farm  weed,  March  7,  1904.  Davy  1710. 

Plajitago  >iin}nT,  Linn.,  Sp.  PI.  112  (1753).  Wild  plan- 
T.AIN.  Native  of  Europe,  N.  Africa,  N.  and  W.  Asia,  and  the 
Himalaya;  an  jilien  in  N".  Auicricu  iind  S.  Africa;  ascends  to 
2.0O0  ft.  in  Northumberland,  Hook.  /.  Secda  used  for  feeding 
cage-birds.  Reported  from  Natal,  J .  M.  How/.  jVn  adveu- 
tive roadside  weed  in  the  Transvaal,  in  moial,  shady  places:  — 
Poteliefstroom,  alt.  4.500  ft.,  a  nmdside  and  garden  weed,  along 
water-furiows.  Dec.  28.  1903,  Davy  1183:  llaaskraal,  a  garden 
weed.  Jan..  1904.  Dovy  1217;  Christiana,  alt.  4,100  ft.,  Feb.  16, 
1904,  Davy  1621. 

Family  PoLTGOfiACF..E  :  Dock  Family. 
Polyfi'.inim  a„<phihium,  Linn..  Sp.  PI.  361  (1753).     Water 
FKBSic'AHU.     Niitive  of  the  North-temperate  zone.    Rtanderton, 
common  in  stagnant  water  of  vleis  on  farm  Beginsel,  alt.  5.300 
ft..  May  31.  1904,  Davy  180S. 

Piilyff'intiiii  ti  rim  III  re  crerlnm  (Linn.)  Hofh.  UpUiGIlT 
HKOT-WKED,  Upright  wire-weed,  Upright  yard-weed.  Native 
of  Europe;  an  alien  in  N.  America  and  Africa,  Adventive  in 
the  Transvaal  T^ — Pot  chef  stniom,  alt.  4.500  ft.,  a  common  weed 
at.  TTaaskraal,  Dec.  27,  1903.  Davy  1771:  Standerton.  alt.  5,000 
ft.,  a  common  street  weed.  Jan.  5,  1904.  Dary  904:  Belfast,  a 
garden  weed  at  farm  Kietvlei.  alt.  6.000  ft,.  Feb.  5,  1904.  Davy 
J236.  Differs  from  typical  P.  aviculare,  Linn,  in  its  more 
■erect  habit,  yellowish  colour,  larger  flowers,  and  5  or  C  instead 
■of  8  Htaraens;  the  leaves  are  nsually  larger  and  nioi'e  nhhisc. 

Polygonum  convolvnUn,  Linn.'.  Sp.  PI.  364  (IToG).  Black 
BIXDWEED,  Climbing  buckwheat,  Bearbine.  Native  of  tiiP 
North -temperate  and  Arctic  regions;  an  alien  in  America, 
ff«ot.  /.;  adventive  in  the  Transvaal  :—Potcheffitroom.  alt. 
4,50n  ft.,  a  solitary  specimen  among  oat  stubble,  .Tan.  24,  1904, 
Davy  1213.  a  few  aperimens  in  the  Experiment  plots.  March 
34,  1904:  Standerton.  a  few  specimens  in  a  niaiKP-patch.  farm 
Beginsel,  March  29.  1904.  Dary  17S5. 

Poliigomnii  hipofhifiliuin  nificulatuni  (Krockl  Hook.  I. 
Si'OTTEn   KsoTWBEn.      Native  of  Europe.     Pretoria.  4.400  ft.. 
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ci>iu!ii'^a  alon^  the  Aapies  River,  by  pools,  furrows,  ajid  slowly 
moving  water.  Jan.  4.  1904.  /Airy  &3o:  Standerton.  alt.  5.000 
f:..  •.amnion  beside  vleis.  Jan.  5.  1904.  L^icy  S^Jo:  Christiana, 
alt.  Lir.  4.1  W  ft.,  common  alone  Jitche*.  Feb.  15.  1904.  Dary 

//■j,'  r\f  'J*  «:•  »tr'.j.  Linn..  Sp.  PL  53S  1 175o  .  Soirx  docs, 
Nrrv*..  SLeep*>  st:»rrel.  Xative  of  the  Xorth-temperaie  and 
At:::  z.iie>  of  Europe  and  Asia:  an  alien  in  X.  America  and 
tL^  !> rviTLern  hemisphere:  ascends  to  2-5*»  ft.  in  Yorkshire, 
H  •  <.  f.  Advenrivr  in  the  Trar-svaa:  and  spreading"  both  in 
tol-lvirei  ffr»:u^.i  ind  .>n  the  open  veldt: — Pretoria,  alt-  4.400 
fr.-  a  fr«-  plar.*s  in  a  plot  of  Australian  S^Itbash.  at  Skinner's 
C:r-.  Frb.  1.  r>M.  /*:.*:<  //>*.-  Pretoria,  spreading  in  lown. 
MjT  1  •>..  1>;^:  Beifis:.  al:.  ^•.4»»  f:..  wvH  established  in  waste 
t\^  >>  in  tLt-  vilii^.  ii?,.  i  few  piaiits  beside  the  water-iani  at 
th-r  r^ilwuT  sTa^'i'-i..  and  a  ianee  patoh  Wtween  the  station  and 
thr  ^iilj^.  nc:  far  frvni  :he  Repa:Tia:ion  Ciinip  site,  wieere  it 
apr^ors  t^  W  t.rjwdiix  •.-:  the  i.aiive  jfrasises-  Feb.  5.  1904. 
/»■.->  Jjr.J.  14^-?:  P  : '*£efs:r..  -.  a'.:.  4.-yyi  h..  *  few  specimens 
in  ii.  :ii>s::iyr-ir  iei :.  Frb.  Ci.  1>*-:  S:an.ier':cn.  all.  cir.  5;iW0 
f: .  ni-nrilisei  ::.  .^n  .1:  r-j^r  iri.  n  fam  Rhrin^el.  March  29. 
r>*4.  Zr:  -t  jr  -r.  a  pen.:.:  -->  w^er-i  ;:  ^ri-rii.  fir—.  ar.d  veld 
if  T-"  rS'iK:sh-*i:  st^t't  j  iinir  S  :1  t^t  <ee-.i  ani  Vt  nn-irrsr^'^^nd 


}'  :     :'     *    J.  ' -.  Linn.  >7    Fl    v.*     17:^;        CTLny 
X,:-:tv     :  iLir-  7"?.  An  al.rn  inX    Anirri  \i  ani  >    Afrira.     Ad- 

vrn*:-~r  m  :lr  Trins-*il  ■ — Pt^:::.^.  a'.-    4.4^X  r:  ,  namralise^l 

in  :  T  rr  -::.  i  a!  :.i:  Tir  Aj:t:t>  K:-:?.  r^r.    :,  :>4.  ;»7r-»   viS. 
•'■17  T  >.n:  iTT^rirs  *~  Sr  'iT   'r-j.r:--T  -•  :-:•'*.':".  ST-m-e, 

-"  ..     •  r    \    y    /        'i.  .    Mr :>n  .  :n   L:nnj? o^   14      i<:      ImO  . 
♦^.y.1    >">  !•  •  5      A  ni-.-^r    .:  Car^    C:.  n:  C.  n^n  n  ai:n|r 

r  .>  .-  ini  >rr~::*s  :n  :  "^^s  Ani  'sn-.i^res  ::  :n-  TrAnsT-iil.  wh-eie 
:*  n.i.  V  .ni.iTrn  ns  -Inri  :■  lis  *lr  iST^e-::  ;i  An  alien:  — 
^*>:.  i-T"  n.  ii*  '.*yO  f*  ,  ••rn.r_'-  n  ilnr  'It  ^'f-.  ic:i£  ci  Town 
s-T---^.  .'iT.  *.  l'^'^.  -'•'■■:'  ^ -'  3'>n.:.  f,  '•  ■  j.<:  nal.  VsT  r^x 
•  T  T„  ■  T. .  >  7  r;.j»  ->:  i r >  n :  ^.t    ri . r  * :  ■ :.  - r  .t     F-  r     11.   1  >" *i.  r^sry 


k    •  -  T: -t:  -  T.  c^rm  1,  AT  -   -  r: :  at.:  -r^:*^.-,    : -  j  -- ;  >- ■<:^ 
wffl  ii  T.'wx  iTArSfXsv.  IV:    l?v.  lr»:V.  Y.-tvj^\-.     ^    -y.^  si*ae  <rf 


fruit  frees,  badly  diseaBed,  Jan.  8,  1904,  Ditvy  972:  Haa- 
niaii's  Kraal  Railway  Station,  alt.  3,380  ft.,  a  Lnllaat  weed,  Jan. 
30.  1904,  Davi/  1101;  Schweizer  Reneke,  an  nrcasional  farDi- 
yard  weed,  Vieifonteiu.  Feb.  17.  1904,  Dacy  1632.  It  is  good 
fur  ealad,  and  is  also  used  aa  a  pot-lierb,  Hook.  f. 

Family  Pbiuulace.e  r  Pimpernel  Family. 
Anagallii  ormU-a.  Lam.,  Fl.  Fr.  ed.  1,2  :  285.  Blue 
PIUPERNKL.  Native  of  southern  Europu.  A.  casual,  not  j'et 
established  in  the  Transvaal: — Pretoria,  a  few  plants  at  Skin- 
ner's Court,  Oct.,  1903,  perhaps  introduced  with  seeds  of  forage 
plants  from  California.  The  common  red  pimpernel,  Anagallis 
arvensis  has  not  yet  been  reported,  but  is  almost  sure  to  appear 
sooner  or  later. 

Family  Eo,sace.e  :  Rose  Family. 
Prunus  penU-a,  Stokes,  Bot.  Mat.  Med.  3  :  100.  Pe.vch, 
Perske.  Native  of  China,  not  really  indigenous  to  Persia,  De 
Candolli-;  cultivated  in  almost  all  warm -temperate  countries. 
Grown  by  almost  every  farmer  in  the  Transvaal,  readily  grow- 
ing from  self-sown  seed  and  not  infrequently  found  as  a  spon- 
taneous escape  from  cultivation: — Pretoria,  an  escape  at  the 
Fountains,  Oct.,  1903,  Davy  1773. 

Hubus  TOiuefuUus,  Smith,  PI.  Ic.  Ined.  3  :  t.  60.  Str.\w- 
behby-easpherhv  ;  locally  known  as  the  New  Zealand  raspberry. 
Native  of  the  Himalaya  reg^iou  and  eastward  to  China  and 
Japan;  naturalised  in  Australia  and  other  sub-tropical  and 
tropical  countries.  Frequently  cultivated  as  an  oniaraental 
plant;  the  fruits,  though  edible,  are  insipid.  Ecklon  and 
Zeyher  collected  it  on  the  "  sides  of  Table  Mountain,  facing 
the  town,"  Fl.  Cap.  Occasionally  cultivated  in  the  Transvaal, 
and  once  met  with  as  a  garden  eucape:— Barberton.  a  garden 
escape  in  the  Moody  Concession,  June  9,  1903,  Davy  262. 
Family  Salicace*  :  Willow  Family. 
PopuluK  alba  cancscens,  Loudon.  White  poplab,  Abele. 
Native  of  Europe  and  northern  Asia.  P^xtensively 
grown  around  farmsteads  throughout  the  Transvaal,  and  cut 
for  poles  and  for  rafters  to  support  thatch-roofs;  occasionally 
escaped  from  cultivation  and  established  along  streams:  — 
Crocodile  River,  at  the  Magaliesberg,  spontaneous  along  the 
river.  May  30,  1903,  Davy  ISS;  Hoodepoort,  spontaneous  near 
the  railway.  March  26,  1904. 

SalU  hahyh.nica,  Linn..  Sp.  PI.  1017  (1753).  Weeping 
WILLOW,  Wilge-boom.  Native  of  the  Caucasus  and  northern 
Asia.  Grown  around  fountains  and  on  dams  almost  through- 
out the  Transvaal;  occasionally  sub-spontaneous,  though  I  have 
not  yet  noticed  any  specimens  growing  from  self-sown  seed. 
Family  ScHOrnri,ARlACE.E  :  Witcb-weed  Family. 
Linariti  viilt/aris,  Mill.,  Gard.  Diet.  ed.  8.  n.l.  Yellotf 
TOAn-FLAX.  Butler-and-eggs.      Native  of  Europe  (Arctic),  the 
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Caucasus,  and  northern  Asia;  an  alien  in  North  America  and 
S.  Africa.  A  reputed  purgative  and  diuretic.  Sometimes  cul- 
tivated in  farm  gardens  in  the  Transvaal,  and  occasionally  met 
with  as  an  escape: — Ermelo,  a  garden  escape,  Jan.  8,  1904, 
Davy  974;  Belfast,  a  garden  escape  at  farm  Kietvlei,  alt.  6,000 
ft.,  Feb.  5,  1904,  Davy  1253, 

Veronica  anagallis-aquatica,  Linn.,  Sp.  PI.  12  (1753). 
Brook-lime.  Native  of  the  North  temperate  zone.  Occurs  in 
Natal  between  3,000  and  4,000  ft.  alt.,  /.  M,  Wood.  Pretoria, 
alt.  4,400  ft.,  occasional  along  a  sluggish  sluit,  Dec.  13,  1903, 
Davy  799, 

Veronica  Tournefortii,  C.C.  Gmel.  Fl.  Bad.  1  :  39  (V. 
persica,  Hort.  ex.  Poir  Encycl.  8  :  542;  V.  Buxbaumii,  Ten- 
ore,  Fl.  Nap.  1  :  7.  t.l.,  teste  Index  Kewensis),  Tournefoht's 
SPEEDWELL,  Buxbaum's  speedwell.  Native  of  Europe,  from 
Belgium  southward,  N.  Africa,  W.  Asia,  the  Himalaya;  Hook, 
f.  A  colonist  in  Britain  since  1825,  WaU.;  ascends  to  1,000  ft. 
in  Northumberland,  Hook,  f.  An  alien  in  N.  America  and  S. 
Africa.  Adventive  in  the  Transvaal: — Lydenburg,  a  few 
specimens  along  a  water-furrow  in  the  main  street,  June  15, 
1903,  Davy  403, 

Family  Solanace.e  :    Tobacco  Family. 

Datura  stramonium,  Linn.,  Sp.  PI.  179  (1753).  White 
STRAMONIUM,  Stiuk-blaad,  Common  thorn-apple,  Jamestown 
weed,  Jimson  weed,  Feuille  du  diable,  Herbe  du  diable.  Pro- 
bably of  Asiatic  origin ;  now  almost  cosmopolitan ;  an  alien  in 
Europe,  the  Tnited  States,  and  S.  Africa.  Natal,  from  sea- 
level  up  to  2,000  ft.  alt.,  /.  }f ,  Wood.  Abundantly  distributed 
over  the  Transvaal,  a  common  and  troublesome  weed  in  culti- 
vated ground  :  — Belfast,  a  common  garden  weed  at  farm  Riet- 
vlei,  alt.  6,000  ft.,  Feb.  5,  1904,  Davy  1267;  Kaalfontein  Rail- 
road Station,  alt.  5,328  ft.,  a  common  weed,  March  21,  1904. 
Contains  daturiny  a  narcotic  poison ;  the  source  of  medicinal 
Stramonium.  Valued  locally  as  a  remedy  for  asthma,  neu- 
ralgia, and  epilepsy. 

Datura  tatuta,ljmii.,  Sp.  PI.  ed.  2.  256  (1762-3).  Purple 
STRAMONIUM,  Purplc  thom-applc.  Native  of  tropical  America; 
an  alien  in  the  United  States  and  S.  Africa.  A  common  weed 
of  cultivated  and  waste  ground,  throughout  the  Transvaal,  but 
seldom  collected: — Potchefstroom,  alt.  4,500  ft.,  common  on 
vacant  erven,  March  25,  1904. 

Nicotiana  qlauca,  R.  Graham,  in  Edinb.  N.  Phil.  Journ. 
175  (April-June,  1828) ;  Bot.  Mag.  t.  2837.  Tbee  tobacco, 
Mexican  tobacco,  Wilde  tabac.  Native  of  Argentina :  an  alien 
in  the  western  T^nited  States  and  S.  Africa.  Abundant  in 
parts  of  Natal  and  Cape  Colony,  about  Kimberley  and  else- 
where. Said  to  have  been  carried  by  the  Boers  from  Kimberley 
to  tlie  Yat  River  (Orange  River  Colony);  thence  to  several 
places  in  the  south-western  Transvaal.     Specimens  have  been 
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received  from  tlie  vicinity  oi  Potflief sf rnum ;  also  repnrteii  from 
Christiana,  wbere  it  is  said  tii  grow  to  a  height  of  15  to  20  ft. 
on  the  baiiks  of  the  Vital  Itiver  and  around  homesteads.  The 
leaves  are  said  to  be  smoked  by  Mexicun  greasers;  the  plant  is 
a  narcotic  poison,  and  is  reported  to  have  poisoned  stock  near 
Potchefstroom. 

Phymli^  »,uiiiii,i,  Linn..  Sp.  PI.  lH:i  (175:1).  Probably  a 
native  of  Tropical  America;  now  widely  distributed  through 
the  tropics  as  a  weed.  Pretoriii,  all.  4.4IH)  ft.,  a  common  weed 
on  cultivated  black  loam  (wel)  at  Kkiuner'a  f'oiirt,  March  16, 
1904,  Davy  174S.  Begins  to  (lower  in  December.  Related  to 
the  Cape  gooseberry  [PliumJin  periieiana):  we  have  received 
fruits  of  what  appears  to  be  the  latter  species,  under  the  name 
Leekomokomo,  from  the  Zoulpansberg  District,  where  they  are 
eaten  by  the  natives. 

Snhmum  incmuw,  Linn.,  Sp.  PI.  IfW  (1753):  Forsk.  Fl. 
.^gypt.-Arah.  45.  (S.  sanctum.  Linn..  Sp.  PI.  ed.  2.  269  teste 
Ivite.r  Ki'ireiisif).  Native  of  western  Africa  and  eastern  Asia. 
Near  Barljerton.  alt.  r-ir.  S.OfW)  ft,.  Jan.  in,  1904.  /.eflflc  49.  in 
Herb.  Natal. 

Soh„<u„  >nd,>m>;,„>,  Linn..  Sp.  PI.  187  (1753).  Tar.  ? 
Origin  uncertain;  now  wi,dely  distribiiteil  in  warm  countries. 
Not  uncomnum  as  a  weed  on  waste  land  in  towns  and  villages 
through  the  Transvaal. 

Solnnum  >'in_ruw,  Linn..  Sp.  PI.  IH6  (1753).  BL.vrK 
NIGHTSHADE.  Ilrigiu  Uncertain;  according  to  Hooker,  it  is  now 
found  in  all  temperate  and  IropicaL  regions;  in  Natal  it  occurs 
from  1,000  to  2,000  ft.  alt,,  J.  M.  ll'-w/.  A  casual  alien  in  the 
Transvaal,  in  gartU-ns:  Itelfa!st.  a"  guiilen  weed  at  farm  Hiet- 
vlei.  alt.  6.000  ft..  Feb.  o,  1904.  /f/inj  Ji'-tO:  Fourteen  Streams, 
a  garden  weed,  Feb.  14.  lOO^).  /A/cy  l-}f>-J,  }&I4;  Pretoria,  alt. 
4,400  ft.,  a  garden  weed.  March  10.  I!i04.  Dnen  17o2:  Potchef- 
stroom. alt. '4.500  ft.,  a  common  garden  weed.  March  25,  1904; 
Standerton,  a  ciminion  garden  weed,  March  29,  1904,  Davt/ 
1787,  IH(K}.  Contains  an  alkaloid,  xolniiiiw,  which  is  a  narcotic 
poison  and  a  powerful  lonil  irritant. 

Solniniu.  ii.u;,.h>-. ,)>..„■  urn.  Linn..  Sp.  PI.  184  (1753). 
■TKutsALEM  riiKKiiv.  Xulivc  of  Maileira:  much  cultivated  in 
^greenhouses  and  windows  in  Kuiope  and  the  United  States.  A 
garden  escape  in  Snulli  Afriia:-  Lydenburg  District,  a  casual 
ganlen  escape  neur  :iii  old  mine  site,  not  far  from  the  Mac  Mar 
Falls,  .Tune  20.  100:!.  liar,,  4:}7:  Pot  chef  sti-oom,  alt.  4,500  ft.,  a 
garden  escape.  Dec.  27,  1903.  J>arif  WJ.  Contains  iniatiinr. 
Family  VE!iHEXAfK.i-:  t  Verbena  Family. 

Lnntann  mh-ifoJin,  Jacq..  IR.rt.  Schoenb.  3  :  IH.  t.  285. 
Prui-LB  LASTANA,  i'guguvama,  I'mpema  ( ?).  Native  of  Tropi- 
r^l  Afiiea,  India,  and  S;  Africa.  Pfurxnu:  found  in  Cape  Colonv, 
Natal,  and  the  Trausviial.       In  NiySiiJ  it  occurs  between   l.tKKI 
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and  2,000  ft.  alt.,  /.  M,  Wood,     Eloff's  Dam,  near  Pretoria,  not 
abundant,  apparently  an  alien,  Nov.  9,  1903,  Davy  687, 

Lippia  asperifoliay  Rich.,  Cat.  Hort.  Med.  Par.  67.  Native- 
of  S.  America.  Barberton,  a  weed  in  cultivated  ground,  June- 
9,  1903,  Davy  273,  Jan.,  1904,  Legge  27  (alt.  cir.  2,500  ft.) ; 
Lydenburg,  a  weed  on  vacant  erven,  June  16,  1903,  Davy  417. 

Verbena  officinalis,  Linn.,  Sp.  PI.  20  (1753).  Vervain. 
Native  of  Europe,  from  Denmark  southward,  N.  Africa,  W. 
Asia,  and  the  Himalava;  an  alien  in  N.  America  and  S.  Africa. 
Occurs  in  Natal  betWeen  1,000  and  2,000  ft.  alt.,  /.  M,  Wood. 
A  casual  weed  in  the  Transvaal :  — On  the  Magaliesberg,  BurJce 
59;  near  Lydenburg,  \\ihns  1175:  near  Pretoria,  Wihns  1175a; 
Linokana,  in  the  Marico  District, /^(>/m 6  (teste  Pearson);  Lyden- 
burg, a  casual  garden  weed,  June  15,  1903,  Davy  400;  Pretoria, 
alt.  4,400  ft.,  Dec.  31,  1903,  Davy  831.  An  object  of  much 
superstition  amongst  the  ancients.  Hook.  f. 

Familj'  Zygophyllace.i-:  :   Guaiacum  Family. 

Trihiihis  terrestris  hispidissivius  (Presl.)  Sond.  in  Fl.  Cap.. 
1  :  353  (1862).  Devii/s  thorns,  DuiweVs  dooms.  Origin  un- 
certain ;  now  widely  distributed  through  the  tropics.  In  the 
Transvaal  it  is  a  common  weed  in  the  western  and  northern 
districts,  towns,  in  market-places  and  town  lands,  and  at  outspan 
places  on  main  trek  roads,  also  around  homesteads  and  kraals  i' — 
Potchefstroom,  alt.  4,500  ft.,  a  common  weed  near  the  Repatria- 
tion Camp  site,  Dec.  27,  1903,  Davy  854:  Pretoria,  alt.,  4,400  ft.,, 
a  roadside  weed,  not  common,  Jan.  4,  1904,  Davy  836;  Stander- 
ton,  alt.  5,000  ft.,  sparingly  met  with  on  the  village  roads  and 
vacant  erven,  Jan.  5,  1904,  Davy  901 ;  Fourteen  Streams,  a. com- 
mon weed,  Feb.  14,  1904,  Davy  7J^J;  Schweizer  Reneke,  a  com- 
mon farmyard  weed  at  Yierfontein,  Feb.  18,  1904,  Davy  1662; 
Warm  Baths,  alt.  3,500  ft.,  a  common  weed,  Dec,  1903,  Davy 
865.  The  ** burrs"  are  said  to  injure  the  feet  of  young  laml^s^ 
and  kids,  and  to  damage  the  wool  of  sfoep, 

Distribution  of  Species  among  Genera  and  Families. 

There  are  in  all  141  species  eniim^ratW  'in  this  list,  i-epre- 
senting  110  genera  and  37  families. 

Sixteen  (16)  families  (Aizoacesp,  Amaryllidaceae,  'Ascle- 
piadacese,  Cactaceae,  Capparidacea*,  Convolvulacece,  Meliace»v 
Moracese,  Myrtaceap»  Nyctaginaces^,  Papaveracese,  Pedaliacese; 
Phytolaccacese,  Portulacacese^,  Primulacese,  and  ZygophyBa^eae) 
are  represented  by  only  a  single  genus  and  a  single'  species. 
Three  (3)  families  (Chenopodiacesp,  Oxalidacese,  and  Planta- 
ginacea?)  have  but  a  single  genus,  but  with  more  than  one 
species,  making  a  total  of  nineteen  (19)  families  having  only 
1  genus. 

Eight  (8)  families  (Boraginacesp,  Cyperacea*,  Euphorbia- 
cese,  Onagracese,  Polygonacese,  Rosac'eae,  Salicacese,  aVid  Scro- 
phulariaceap)  have  only  2  genera;  two  (Labiatae  and  Verbena- 
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ceae)  have  3.  Three  (3)  (CaryophyllacesB,  Malvaceae,  and 
Solanacese)  have  4  genera. 

Only  5  families  are  really  well  represented,  Amarantacese 
with  5  genera  and  7  species,  Legiiminosse  with  6  genera  and  8 
species,  Cruciferae  with  8  genera  and  9  species,  Compositse  with 
18  genera  and  20  species,  and  GraminesB  with  20  genera  and  27 
species. 

For  the  purposes  of  this  analysis,  two  or  three  distinct 
varieties  {e.g.,  Lolium  tcmulentuvi  arvense)  have  heen  treated 
as  species. 

This  list  is  not  as  formidable  as  it  looks;  not  all  of  the 
species  occur  in  quantity,  and  not  many  of  them  are  to  be 
Classed  as  noxious  weeds. 

RELATIVE  ABUNDANCE  OF  SPECIES. 

If  we  classify  the  141  species  and  varieties  into  four  arbi- 
trary groups,  (1)  Abundant  species,  (2)  Common    species,    (3) 
A-dventive  species,  i.e.,  species  of  only  local  occurrence,  at  pre- 
sent, but  which  sliow  signs  of  spreading,  and  (4)  Colonists,  or 
species  which  are  rarely  met  with  in  a  spontaneous  condition, 
and  which  do  not  yet  show  signs  of  spreading,  we  obtain  the 
following  proportions  :  — 

Colonists  ...         ...         ...         ...         ...         ...     54 

Adventives  ...         ...  ...  ...  ...     40 

Species  only  occasionally  met.  with,  as  yet     ...       94 
Common  species        ...         ...         ...         ...         ...     29 

Abundant   species      ...         ...         ...         ...  ...     18 

^  \J  \  C%  1  •••  ■••  at*  •••  •■•JL  ^C  A 

Thus  94  species  are  met  with  only  occasionally;  thej*  are 
either  of  very  recent  introduction,  or  are  not  inclined  to  spread. 

Only  47  species,  one-third  of  the  total  number,  are  at  all 
common  as  yet. 

Only  18  species,  about  one-eighth  of  the  total  number,  are 
abundant. 

These  proportions  are  sure  to  change  in  the  course  of  a  few 
years.  They  are  more  or  less  arbitrary,  for  it  is  impossible  to 
draw  definite  lines  between  the  four  groups.  The  classification 
is  sufficiently  accurate,  however,  to  convey  a  fair  impression  of 
the  relative  abundance  of  the  species. 

Colonists  (Local  Species ;  not  yet  Showing  Signs  of  Spreading). 

Acacia  decurrens,  Willd. 
Agave  americana,  L.. 
Anagallis  caerulea,  Lam. 
Andropogon  sorghum  Neesii,  Korn. 
Andropogon  sorghum  saccharatus,  Korn. 
Andropogon  sorghum  Schenkii,  Korn. 
Avena  sativa,  L. 
Arundo  donax,  L. 
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Anthemis  cotula,  L. 

Argemone  mexicana  oclrroleuca,  Lindl. 

Barbarea  praecox,  K.  Br.  (?) 

Bromus  Willdenowii,  Kunth. 

Chenopodium  botrys,  L. 

Chenopodium  polyspermiim,  L. 

Coronopus  didymus  (L.)    Smith. 

Cosmos  bipinnatus,  Cav. 

Dactylocteniiim  cegyptium  (L.)  Willd. 

Eragrostis  minor  megastaeliya  (Link)  Davy. 

Gynandropsis  pentaplijlla  (L.)  DC. 

Ipomoea  purpurea,  Both. 

Leucas  martinicensis  (Swartz)  Ait. 

Limeum  linifolium,  Fenzl. 

Lolium  temulentum,  L. 

Malva  parviflora,  L. 

Melia  azedarach,  L. 

Nasturtium  officinale,  B.  Br. 

Opuntia  ficus-indiea,  L. 

Paspalum  dilatatum,  L. 

Plantago  lanceolata,  L. 

Plantago  major,  L. 

Poa  annua,  L. 

Polygonum  aviculare  erect um  (L.)    Both. 

Bumex  acetosella,  L. 

Bumex  crispus  trigranulata,  Syme. 

Sesamum  indicum,  L. 

Silene  gallica,  L. 

Sisymbrium  capense,  Thunb. 

Solanum  nigrum,  L. 

Sonchus  oleraceus,  L. 

Tagetes  erecta,  L. 

Taraxacum  officinale,  Weber. 

Vaccaria  vulgaris.  Host. 

Verbena  officinalis,  L. 

Vicia  sativa,  L. 

Xylopleurum  roseum  (Ait.)  Bairn. 

Xylopleurum  tet rapterum  (Cav.)  Bairn. 

Common. 

Amarantus  spinosus,  L. 
Amarahtus  Thunbergii,  Moq. 
Cannabis  indica,  Lam. 
Chenopodium  album,  L. 
Chenopodium  ambrosioides,  L. 
Chenopodkim  murale,  L. 
Conyza  podoeephala,  DC. 
(^ynoglossum  micranthum,  Desf . 
Cyperus  esculentus,  L. 
Euphorbia  sanguinea,  Hochst.  &  Steud. 
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Gnaphalium  luteo-albam,  L. 

Hibiscus  trionum  hispidus,  DC. 

Laiitaua  salvifolia,  Jacq. 

Lippia  asperifolia.  Ilich. 

Xidoiella  auricula ta,  DC. 

r^xalis  oomiculata,  L. 

Oxalis  sp. 

Physalis  minima,  L. 

Polygt.*iium  lapathifolium  maculatum  <Kiock)  Ilook.  f. 

Portulac-a  oleracea,  L. 

Ricinus  communis.  L. 

Rottb^icllia  r-ompressa  fasciculata.  Hack. 

Kumcx  ecklonianus.  Meisn. 

Salvia  obtusata,  Thunb. 

Salvia  sp. 

Setaria  verticillata  (L.)  Beauv. 

Solanum  sodomeum,  L.  var. 

Tragus  racemosus.  Scop. 

Tribulns  terrestris  hispidissimus  (Presl)  Sond. 

Abundant   (the  Most   Comnic»n   Species). 

Aiiiarantus  paniculatus,  L. 

liidens  pilosa,  L. 

Bidens  pilosa  leucantha  (Willd.)  Uarv. 

Cvncvlon  dactvlon  ^L.)  Pers. 

Chloris  virgata,  Swartz. 

Datura  stramonium,  L. 

Datura  tatula,  L. 

Elcusine  indica  (L.)  Gaertn. 

Eiigeron  canadensis,  L. 

(jompliocarpus  fruticosus  (.L.)  R.Br. 

(iomphrena  globosa,  L. 

Lepidium  capense,  Thunb. 

Paiiicuni  helopus  glabrescens,  K.  Sclium. 

Panicum  isachne.  Roth. 

Sida  rhombifolia,  L. 

Trichola^na  rosea,  Xees. 

Xanthium  spinosum,  L. 

Zinnia  pauciflora.,  L. 

ECOXOMIC    ASPECT. 

It  is  commonly  supposed  that  all  weeds  are  noxious  or 
troublesome :  but  this  is  by  no  means  the  case.  They  may  be 
useful,  even  though  thej'  answer  our  definition  of  a  weed,  in 
that  they  grow  where  they  are  not  wanted,  be  it  in  the  mealie- 
patch,  the  flower-bed,  the  lawn,  the  footpath  or  the  gutter.  A 
weed,  as  such,  is  not  an  entity;  a  plant  ce»«fs  to  be  a  weed  when 
it  is  not  growing  out  of  place, .or  where  it  is  not  wanted;  Ber- 
muda-grass is  a  most  injurious  weed  in  an  orchard,  but  in  a 
pasture  it  is  one  of  our  most  useful  forage  plants.     If  this  were 
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not  the  esse  there  would  be  uiuuy  more  wfeda,  for,  givuii  suit- 
able conditions  of  climate  and  soil,  aud  immunity  from  such 
restrictive  i n ft utf iil'l's  us  fungus  diaeasus  and  iiiset-t  pests,  utmost 
any  plant  may  become  a  weed. 

Weeds  may,  therefore,  be  classified  as  (1)  Xoxions,  (2) 
Tronblesome,  (■^)  InHocuous,  (4)  I'sef'ul. 

(1.;  Xoxious  Weeds.— .4/jt(«(//JH(  .^/yccic.* :  Bidens  pilosa, 
L.,  Uidena  pilosa  leutautLa  (Willd.)  lUirv..  C.vnodon  dactylon 
\L.)  Pits.,  Uatnru  stramonium,  L.,  Uatunt  tatula,  L.,  Erigeron 
i-anadeusis,  L.,  Xaiithium  spinosum,  L.;  ('"iiiiiion  Kpcrieai 
AmarautUB  spinosus,  L.,  Cannabis  iudica.  Law.,  Cyperus  eacu- 
lentns,  L.,  Setaria  virrtirillata  (L.)  Beaiiv..  Uxalis  sp..  Tragus 
riiremosua.  Scop.,  Tribulus  terrestris  liispidissimua  (Presl) 
Sond.;  Adi'cntive  gpccicn :  These,  though  not  yet  common,  are 
likely  to  prove  noxious;  AJternautbera  sp.,  Andropogon  bale- 
pensis  effusus,  Stapf.  Argeuume  mcxicaua  (iclinileuca.  Lindl., 
Lolium  temulentum,  L.,  Ilpuulia  firus-iiidita,  Mill..  Kumes 
acetoaella,  L.,  Sileni^  f{"ll'''i'-  !>■■  Suhtnuin  nigrum,  L. :  Colo- 
iiixtn:  Cryptosteinnia  cutcndulacfum,  li.lli..  Uypoclia:Tis  radi- 
cata,  L,,  Lolium  tpmulenfuiii  arvettse  I  Willi.}  Svme,  Xantbium 
strumarium,  L.,  iledinago  lU'nticulata,  Wilhl..  Nicotiaiia 
glauca,  R.Grah.,  Polygonum  convolvulus,  L.  The  aforemen- 
tioned 29  species  may  be  considered  noxious  weeds. 

(2.)  Troublesome  Weeds.— AH  noxious  weeds  are,  of  course, 
troublesome,  but  not  all  tKoubleaitrao  weeds  are  noxious.  The 
following  belong  lo  the  latter  class.  Ahuiuhint  speciei:  Ania- 
rautuB  paniculatus,  L.,  Eleusine  indica  -(L.)  Ocertn.,  Uompho- 
ourpus  fruticosus  (L.f  It. Br.,  Lcpidium  i-apeuse,  TLunb.,  Pani- 
cum  belnpus  glabrescens,  K.  Schuni..  Sida  rhombifoHa,  L., 
Panicum  isacbnc,  Eolb;  C<iii\iiiiiu  .i/ici/c.e :  Amuiahtus  spinosus, 
L,,  ClienopiKlium  album,  L.,  L'beiiopodium  ambrosioides,  L., 
Clienupodium  murale,  L.,  Guaphaliuni  luteo-album,  L.,  Hibis- 
cus trionum  hispidus,  DC.,  Lantana  salvlfolia,  Jacq.,  I^xalie 
ciiruiculata,  L.,  Physalis  minima,  L.,  Portulaca  oleracca,  L. ; 
Adventivf  gpccics:  Eragrostis  minor  megastacbya  (Linkt  Davy, 
Limeum  linifolium,  Fenzl.,  Malva  parviflora,  L.,  Pna  annua, 
L.,  Plantagolancenlata,  L..  Polygonum  avicularecrectum.  Eoth, 
Sonchus  oleraceus,  L.;  Vaccaria  vulgaris,  Hoaf;  Cnloriisls'. 
Hrassica  rampestris,  L.,  Brassica  nigra,  Koch.,  Capsella  bursa- 
pastoris.  Medic,  Clirysanthemum  segetum.  L.,  LitUosperraum 
arvenso,  L.,  Pbalaria  cuuarienais,  L.,  Phalaris  minor,  lU-tz., 
Haphanus  raphanistrum,  L.,  Spergula  _  arvcnsis,  L.,  Stellaria 
mpdia.  Cyril!.,  Veronica  Tnurnefortii,  *  C.C.  Gmel.,  Cyathula 
globnlifera  (Bojer)  Moi]. — 'M  and  29  =  66  species  wliicb  ai'e,  or 
may  become,  noxious  or  troublesoitie.' 

(■1.)  Innocuous  Weeds. — These  naturally  include  all  Trans- 
vaal weeds  which  are  not  included  in  the  two  lists  immediately 
preceding.     It  is,  therefore,  unnecessary  to  repeat  ihem  here. 
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(4.)  Useful  weeds  and  spontaneous  aliens:  — 

Colonists. 

Acacia  decurrens,  Willd.,  tan-bark,  fuel,  shade. 

Andropogon  sorghum  Neesii,  Korn.,  grain,  forage. 

Andropogon  sorghum  Schenkii,  Korn.,  grain,  forage. 

Andropogon  sorghum  aac.charatus  (L.)  Korn.,  sugar,  forage. 

Arundo  donax,  L.,  ornamental  planting,  reeds. 

Avena  sativa,  L.,  grain,  forage. 

Caesalpinia  sepiaria,  Koxb.,  hedges. 

Celosia  cristata,  L.,  ornamental  garden  plant. 

Eucalyptus  globulus,  Labill.,  timber,  essential  oil,  bee  food. 

Gossypium  herbaceum,  L.,  cotton. 

Medicago  denticulata,  Willd.,  forage. 

Medicago  sativa,  L.,  forage,  bee  food. 

Pennisetum    spicatum    (Willd.)    KoBm.    &    Sehult.,   grain, 

forage. 
Phalaris  canariensis,  L.,  bird-seed,  forage. 
Phleum  pratense,  L.,  forage. 
Populus  alba  canescens.  Loud.,  poles. 
Sicinus  communis,  L.,  oil. 

Bicinus  communis  lividus,  Jacq.,  ornamental  planting. 
Rubus  rosaefolius.  Smith.,  edible  fruit,  ornament. 
Salix  babylonica,  L.,  shade  and  ornamental  planting. 
Solanum  pseudo-capsicum,  L.,  ornamental  plant. 
Tragopogon  porrifolins,  ^,,  garden  vegetable. 
Trifolium  hybridum,  L.,  forage. 
Trifolium  pratense  perenne,  Agric,  forage. 

Adventive  species. 

Andropogon  halepensis  effusus,  Stapf.,  forage. 

Bromus  Willdenowii,  Kunth.,  forage. 

Cannabis     indica,    Lam.,     fibre,     bird-seed,     bhang,     and 

hasheesh. 
Cosmos  bipinnatus,  Cav.,  ornamental  garden  plant. 
Cyperus  esculentus,  L.,  tubers  edible. 
Dactyloctenium  segyptium  (L.)  Willd.,  lawns,  forage. 
Ipomaea  purpurea,  Roth.,  ornamental  garden  plant. 
Melia  azedarach,  L.,  shade  tree. 
Nasturtium  officinale,  R.Br.,  salad. 
Opuntia  ficus-indica,  Mill.,  edible  fruit,  hedges. 
Paspalum  dilatatum,  L.,  forage. 
Sesamum^indicum,  L.,  oil. 

Xylopleurum  roseum  (Ait.)  Raim.,  '^ ornamental  gar- 

Xylopleurum  tetrapterum  (Cav.)  Raim.,  /      den  plants. 

Comsaon  species. 

Hibiscus  trionum  hispidus,  DC,  ornamental  garden  plant. 
Portulaca  oleracea,  L.,  salad  and  pot-herb. 
Rottboellia  compressa  fascieulata.  Hack.,  forage. 
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Abundant  species. 

alcnis  virgata,  Swartz.,  forage. 
Amarantus  paniculatus,  L.,  forage. 
Cynodou  dattylou  (L.)  Pets.,  fora^. 

Datura  stramonium,  L.,  narootic  poiscm,  used  medicinally. 
Datura  tatula,  L.,  do.  do. 

Eleusinc  indica  (L.)  Gsertn.,  forage. 
Gompliocarpus  fruticosus  (L.)  K.Br.,  fibre. 

(iEOGKArillCAL    UISTRinUTIOX. 

One  of  the  most  interesting  branches  of  botany  is  the  study 
of  the  distribution  of  plants  over  the  face  of  the  globe;  it  is 
known  as  Geographical  Botany.  Its  study  involves  a  know- 
ledge, not  only  of  geograpliy  and  climat(dogy,  but  also  of 
geology,  paltro-botany,  evolution,  plant-physiology,  ethnology, 
history,  agriculture,  and  even  commerce. 

While  primarily  concerned  with  the  investigation  of  the 
aboriginal  h(mies  of  plants,  a  thorough  student  of  geographical 
botany  must  necessarily  investigate  the  origin  and  distribution 
of  cultivated  plants.  How  difficult  this  question  is,  and  how 
much  rec(mdite  learning  it  requires,  are  shown  in  the  classic 
pages  of  that  interesting  work,  "  L'Origine  des  Plantes  Cul- 
tivees,"  of  the  erudite  botanist,  Alphonse  De  Candolle,  of 
Geneva.* 

But  geographical  botany  should  by  no  means  be  concerned 
only  with  the  past  history  of  plants,  their  origin  in  space  and 
time.  The  facies  of  the  world's  flora  is  rapidly  changing,  and 
tends  to  become  more  uniform,  within  certain  limits,  under  the 
influence  of  agriculture  and  commerce.  These  changes  should 
be  investigated  and  recorded,  both  for  scientific  and  for  eco- 
nomic purposes.  The  same  herbaceous  crops  and  cultivated 
timber  trees  are  being  carried  over  the  world  to  countries  enjoy- 
ing similar  climatic  conditions.  Many  of  the  same  weeds  of 
roadside,  hedgerow,  and  neglected  farm  or  garden  are  spreading 
to  almost  every  continent,  limited  only  by  restriction  of  climate 
and  the  bounds  of  commercial  intercourse. 

Factors  Governing  Plant  Migration. 
« 

The  distribution  of  plants  was  for  long  mainly  carried  out 
by  the  agency  of  wind,  currents,  migratory  birds,  mammals,  and 
reptiles.  Latterly  it  has  been  expedited  by  the  development 
of  commerce  and  agriculture.  Not  only  are  domesticated  plants 
carried  from  country  to  country  and  continent  to  continent, 
but  with  them  are  carried  the  seeds  of  other  plants  which  have 
grown  in  their  vicinity.  Seeds  are  also  carried  from  port  to 
port  in  shijp's  ballast,  and  from  place  to  place  by  domestic 
animals.  Weeds  we  call  some  of  theift;  colonists,  immigrants, 
casuals,  or  escapes,  we  call  others,  according  to  their  noxious 

*  See  De  Candolle.  A.  ;  Origin  of  Cultivated  Plants,  translated  from  the  French. 

London  :  Kegan  Paul,  Trench  and  Ca    1884. 
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oharacter,  relative  abundance,  adaptability  to  naturalisation, 
etc. 

The  extent  to  which  alien  plants  will  spread  in  a  country, 
and  from  one  country  to  another,  is  truly  remarkable.  The 
oommon  Pig- weed  or  Misbreede,  Amarantus  paniculatus,  a 
native  of  Tropical  America,  though  of  quite  recent  introduc- 
tion, is  now  found  in  every  town  and  village  of  the  Transvaal, 
<iiid  around  almost  every  farmstead.  Within  about  fifty  years, 
Bronuis  honhareus,  a  native  of  the  Mediterranean  region,  has 
spread  over  almost  every  stock-range  from  end  to  end  of  Cali- 
fornia. The  common  Wart-cress,  Coronopus  didymus,  so  abun- 
dant in  England,  on  the  Continent,  in  the  United  States, 
Australia,  and  elsewhere,  and  which  has  now  found  its  way  to 
the  Transvaal,  is  a  native  of  temperate  South  America. 

The  large  number  of  alien  species  which  now  enter  into 
the  composition  of  the  flora  of  almost  every  civilised  country, 
is  probably  little  thought  of.  It  is  said  that  even  the  common 
daisy  and  dandelion  of  England  are  probably  aliens.  In  the 
9th  Edition  of  the  London  Catalogue  of  British  Plants  (1895), 
Mr.  Hanbury  enumerates  194  aliens  out  of  a  total  of  1,958 
species  of  flowering  plants  and  ferns  in  the  British  Islands,  an 
average  of  10  per  cent.  This  is  a  large  percentage,  yet  it  is 
probably  incomplete,  as  the  catalogue  does  not  profess  to  be  an 
authoritative  document,  as  regards  the  nativeness  of  species, 
and  species  which  are  doubtfully  native,  such  as  the  daisy  and 
dandelion,  are  not  there  treated  as  aliens. 

Origin  of  Our  Aliens. 

In  order  to  discuss  this  question  intelligently  we  must 
deduct  from  our  141  species,  15  species  which  are  now  so  cosmo- 
politan that  their  original  homf^  is  not  known  with  cer- 
tainty, and  2  species  of  which  the  exact  identification  has  not 
yet  been  completed.  Tliis  leaves  124  species  to  be  accounted 
for. 

These  are  distributed  as  follows :  — 

The  Mediterranean  Eegion  (X.  Africa,  W. 
Asia,  and  S.  Europe)  ... 

America,  tropical  and  warm-temperate  ... 

Africa,  tropical 

Asia,  tropical 

Asia,  central 

Africa,  South 

Europe,  North         ... 

./V-Usxraiia        ...  .••  ...  •••  ••• 

America,  temperate  North 

America,  temperate  South 

161         „ 

The  additional  numbers  are  due  to  duplication  of  species, 
which  are  native  to  more  than  one  region. 


41 

Species 

24 

2-3 

19 

19 

15 

13 

3 

2 

2 

Tnie 

TotaL 

Kscai)e.s. 

Iiiinui!i-anis. 

41 

8 

33 

24 

11 

13 

2:i 

16 

19 

6 

13 

19 
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14 
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14 
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:i 

10 

■i 
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1 

17 
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16 
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If  we  exclude  from  our  list  those  species  which  have  been 
introduced  only  as  ornamental  garden  plants  or  farm  crops, 
and  which  have  escaped  from  cultivation,  we  got  the  following 
figures :  — 


Mediterranean  region  ... 
America,    tropical    and    warm- 
temperate 
Africa,  tropical 
Asia,  tropical 
Asia,  central 
Africa,  South     ... 
.    Europe,  North   ... 
Australia 

America,  temperate  N. 
America,  temperate  S. 
Uncertain  origin 

lloutes  of  Travel. 

These  figures  are  interesting  as  showing  the  original  source 
of  supply  of  our  immigrant  plant  population.  It  must  be  borne 
in  mind,  however,  that  the  common  migratory  plants,  and 
particularly  weedy  species,  are  now  so  widely  scattered  over  the 
globe  that  they  do  not  always  come  to  us  direct.  Thus  the 
common  Wart-cress,  Coronopus  didymus,  alreadj^  referred  to 
as  a  native  of  South  America,  has  probably  reached  us  via 
Europe,  where  it  is  now  extremely  commcm.  The  so-called 
**  Australian  "  Prairie-grass  is  the  Ilescue-grass  of  the  United 
States ;  it  is  a  native  of  South  America,  whence  it  migrated  to 
Texas  and  California,  thence  to  Australia,  and,  probably  from 
thence,  to  the  Transvaal. 

Of  the  38  Mediterranean  Region  species  (not  counting 
**  escapes  ''),  at  least  25  occur  also  in  northern  Europe,  some  of 
them  indigenous  there,  others  as  aliens,  and  they  may  have 
reached  us  from  that  source,  leaving  only  8  strictly  S.  European 
species,  which  are  not  likely  to  have  reached  us  from  X.  Europe. 
These  are :  — 

Andropogon  halepensis  effusus,  Stapf. 

Eragrostis  minor  megastachya  (Link)  Davy. 

Gomphocarpus  fruticosus  (L.)  R.Br. 

Malva  pa rvi flora,  L. 

Panicum  isachne,  Eoth. 

Phalaris  minor,  Betz. 

Portulaca  oleracea,  L. 

Vaccaria  vulgaris,  Host. 

All  of  these,  with  the  exception  of  Gomjihocarpus  fruti- 
CO.VIS  and  Panicum  isachnc,  are  common  weeds  in  California. 
Of  the  two  liast-named  the  former  is  now  a  common  weed  in 
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Australia ;  tlie  latter  is  common  in  India ;  it  is,  therefore,  pos- 
sible that  none  of  them  came  to  us  direct  from  the  Mediter- 
ranean. 

The  South  European  species  may  have  been  early  importa- 
tions via  the  Cape;  Malva  par vi flora  and  Portulaca  oleracea 
were  common  there  in  1860,  when  the  first  volume  of  the  Flora 
Capensis  was  prepared.  This  may  have  been  the  case  also  with 
Gomphocarpus  fruticosus. 

Eragrostis  minor  wegastachya,  Phalaris  minor,  Phalaris 
canariensis,  AnngaUis  cwrxdea  and  Vaccaria  vulgaris  are  recent 
introductions,  the  Phalaris  from  California  with  seeds  of  forage 
plants  from  the  Agricultural  Experiment  Station  there. 

The  one  species  irom  temperate  N.  America,  and  the  one 
from  temperate  S.  America,  may  have  reached  us  by  waj*  of 
Europe,  as  both  are  now  common  there. 

Cotula  australis  may  have  come  direct  from  Australia  or 
New  Zealand,  or  via  San  Francisco,  where  it  is  now  common. 

The  Jforth  European  species,  and  those  of  S.  Europe  which 
are  also  found  in  the  north,  as  noted  above,  are  the  most  easily 
accounted  for,  because  of  the  constant  stream  of  traffic  and 
commerce  between  South  Africa,  England,  and  the  Continent 
of  Europe,  which  has  been  going  on  for  years. 

South  African  Species. 

The  following  are  considered  to  be  indigenous  to  parts  of 
South  Africa,  but  appear  to  be  immigrants  in  the  Transvaal :  — 
Amarantus  Thunbergii,  Moq. 
Conyza  podocephala,  DC. 
Cryptostemma  calendulaceum,  R.Br. 
Cyathula  globulifera  (Bojer)  Moq. 
Erythrina  caffra,  Thunb. 
Lantana  salvifolia,  Jacq. 
Lepidium  capense,  Thunb. 
Limeum  linifolium,  Fenzl. 
Nidorella  auriculata,  DC.  var. 
Osteospermum  muricatum  asperum,  TIarv. 
Rottboellia  compressa  fasciculata.  Hack. 
Rumex  ecklonianus,  Meisn. 
Salvia  obtusata,  Thunb. 
Sisymbrium  capense,  Thunb. 
Tricholaina  rosea,   Nees. 
Setaria  verticillata  (L.)  Beauv. 

Of  this  list,  the  Cryptostemma  is  not  certainly  known  to 
occur  in  the  Transvaal;  the  Cyathula  may  be  indigenous;  the 
Erythrina  is  a  garden  escape.  The  Cyathula,  Lantana,  Limeum, 
Rottboellia,  Setaria,  and  Tricholsena  are  tropical  African 
species,  and  their  occurrence  in  South  Africa  may  be  either 
as  outliers  of  the  flora  of  tropical  Africa,  or  merely  as  immi- 
grants. 


Speru*  f,m„  Tr„p,<a!  A»a. 
The  following  sppciea  nppear  In  be  cuminon  alike  to  tro- 
pirol  Asia  and  tropi<-al  Afn'i-«,  ami  probably  leached  us  frum 
the  north  :  — 

Andropn^D  siirghiitu.  Unit. 

Andropogon  »(ir|ihuiii  stii-iliurulus  (L.)  Kum. 

Eleuaine  inOica  (L.)  Giriin. 

Gos8}-piiim  hfrhai^iim,  L. 

LsBtana  salvifnlia,  -lanq. 

Paiiipum  beltipm  glubi'esudis,  K.  ScUum. 

Panicum  isachiip.  Itotli. 

Peunisetiim  spi.utmii  (Wiii-l.)  Rfem.  &  Sihiilt. 

Uicinue  communis,  L. 

Rottboellia  c^'Utpnissn  fasi-ii-nlata,  Iliink. 

Sesamuni   indinim.  L. 

Solaoum  iiicaniim.  L. 

Ti'icholfeua  rosea,  Xet-a. 
Mtist  of  the  in  species  from  iiopical  and  waiiu-lem penile 
America  are  now  almost  cosmopolitaii,  and  »iv  not  likely  to 
have  eonie  to  ns  directly. 

Much  inlerestinft  work  remains  to  be  done  in  tracing  the 
iirigia  and  runles  cf  travel  of  these  aliens;  it  cannot  hv  com- 
pleted until  we  have  ai'cess  to  more  extensive  literature  on  the 
Floras  of  the  world.  The  problem  is  mucli  complicated  in  llie 
■-use  of  South  Africa,  friun  the  fiitt  that  sn  mueji  nlix'k,  fonigc 
and  agricultural  seed  was  guthcii'd  together  during  the  late 
war  by  the  ililitnry  and  Itepatriation  Departments,  fnmi  all 
parts  of  the  world  and  has  been  watteivd  bmadcast  over  the 
country.  That  many  aliens  owe  their  introduction  to  these 
sources  is  evident  from  the  fact  that  they  are  at  present 
found  only  on  the  sites  of  Military  and  Hcpatrintion  ^anips. 

The  not^is  here  given  are  mci*  outlines'  of  this  part  of  the 
subjert:  lack  of  adequate  litei-atuic  has  made  it  inipoNsible  to 
till  them  out. 

The  methods  by  which  alien  plants  are  <onveyed  from  place 
to  place  and  the  reanous  why  some  species  make  gowl  immi- 
grants and  quickly  become  naturalised,  while  others^oppa- 
rently  equally  hardy-  remain  as  mere  "  escapea "  or  occur 
only  as  "casuals,"  in  interesting  and  intricate,  and  involve.* 
questions  of  phmt  phvsiology  and  morphology  as  well  as  "f 
Climatology,  The  sfdution  of  these  problems  affonls  a  %-aluahle 
cine  to  successful  plant-intrixluction.  Some  of  these  plants 
Iwcome  physiologically  mi«lificd  by  their  residence  and  acelima- 
tiaatioD  in  another  country,  and  become  more  hardy  in  conse- 

?uence;  thus  of  live  plots  of  the  Eurnpeau  grass  known  as 
taliau  rye-grass  {LnVniiii  pi-minr  ifaliruiu),  tested  siniulla- 
ueously  on  our  Kxperiment  (Jrounds  at  Poti-liefstnaim,  under 
precisely  similar  conditions,  and  sown  on   tlie  same  day,  the 
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plot   grown    from    Xew   Zealand   seed   is  superior  to  the  plot 
grown  from  the  best  strains  of  English  and  Scotch  seed. 

We  have  already  explained  that  not  all  immigrant  plants 
Ijecome  weeds.  A  few  native  plants  sometimes  become  weeds 
when  the  so-called  "  balance  of  nature  *"  is  disturbed  bv  man» 
either  on  account  of  peculiar  morphological  characters  which  aid 
in  their  distribution,  or  from  some  physiolc^ical  condition  which 
renders  them  better  adapted  than  their  neighbours  to  take  ad- 
vantage of  more  favourable  conditions,  or  more  hanly  to  with- 
stand less  suitable  ones. 

The  ••  balance  of  nature  "  is  so  well  preserved,  however, 
that  m^ist  native  plants  are  kept  within  bounds  'by  insect  or 
fungus  pests  and  other  restrictive  provisions  of  nature. 

These  same  restrictive  agencies  apply  with  even  greater 
force  Ui  many  alien  plants,  particularly  to  those  which  we  are 
vKtst  desirous  of  introducing.  It  is  a  fact  noteil  in  every 
countr>'  by  agriculturists  and  horticulturists  endeavouring  to 
establish  new  cultural  industries.  It  is  often  attributed  to  soil 
or  climate;  but  we  can  scarcely  consider  soil  and  climate  to  be 
the  sole  cause  in  view  of  the  fact  that  other  species,  from  the 
same  countries,  become  rampant  weeds  under  the  same  condi- 
tions. 

Then  where  doex  the  difference  lie?  It  is  mainly  a  physio- 
logical one:  it  depends  on  difference  of  constitution.  And  here 
we  become  aware  of  a  most  important  factor  in  successful  plant 
introduction  and  cultivation.  A  highly  bred  race  of  barlev, 
grown  for  brewing  purposes,  on  the  best  tilled  and  most  highly 
cultivated  soils  of  Great  Britain  is  not  likely  to  have  such  a 
hardy  constitution  as  one  grown  on  the  poorly  cultivated  soils 
of  Algeria.  Long  cultivation  and  the  development  of  highly 
specialised  races  of  plants,  appears  to  diminish  their  adapt- 
ability to  spontaneous  naturalisation  in  foreign  countries.  Few 
cultivated  crops  run  wild,  even  under  favourable  conditions, 
and  those  that  do  so  appear  to  be  the  ones  that  have  been  least 
altered  under  cultivation,  and  have  been  most  receVitly  brought 
into  domestication.  So  much  is  this  the  case  that  we  are  apt 
to  judge  of  the  rehUive  length  of  time  a  plant  has  been  broucht 
into  cultivation,  bv  its  tendencv  to  run  wild.  Manv  of  our 
oldest  cultivated  crops  have  been  so  much  altered  by  cultiva- 
tion that  they  are  no  longer  recognisable  in  a  truly  wild  state. 

But  to  return  from  a  digression :  the  decrease  in  hardihood 
due  to  high  breeding,  is  not  the  only  factor  in  the  problem  why 
alien  weeds  grow  more  readily  than  domesticated  plants,  iinder 
changed  conditions.  If  the  careful  attention  bestowed  on  crops 
in  intensive  horticulture,  or  high  farming,  tends,  when  these 
safeguards  are  removed,  to  render  those  plants  less  able  to 
withstand  disease,  drought  and  the  encroach  merits  of  jnore 
vigorous  weeds  struggling  for  existence,  the  converse  appears 
to  be  equally  true,  that  the  result  of  the  survival  of  the  fittest 
plants  under  the  most  uncongenial  surroundings  and  least  fav- 
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ourable  climatic  conditions,  tends  to  make  tbem  better  colo- 
nists. While  morphological  differences  enable  some  plants  to 
migrate  more  readily  than  others,  and  to  survive  in  the  strufrgle 
for  existence  when  others  go  under,  physioU^ical  differences 
render  some  plants  more  adaptable  than  others  to  varying  con- 
ditons,  and  they,  therefoi*e,  make  better  colonists.  An  Austra- 
lian strain  of  the  Xorth  European  Perennial  rye-grass  {Lolium 
perenne)  grown  on  dry  land  in  Australia,  and  taken  to  Cali- 
fornia, proved  so  much  more  resistant  to  drought  than  the 
strains  obtained  from  the  Eastern  United  States,  Ireland  and 
England,  that  it  was  eagerly  sought  by  graziers,  and  received 
the  distinctive  varietal  name  Austral icnsc,  though  morpholo- 
gically indistinguishable  from  a  European  form.  At  a  recent 
meeting  of  the  Linnean  Society,  Salmon  reported  as  the  result 
of  a  long  series  of -rust  innoculation  experiments  with  Bromus. 
at  the  Cambridge  University  laboratories,  having  established 
the  fact  that  physiological  varieties  exist,  some  resistant  to 
rust,  and  some  susceptible  to  inoculaticui,  though  morphologi- 
cally indistinguishable. 

The  question  of  climate  has  also  much  to  do  with  success- 
ful plant  naturalisation.  A  plant  which  has  thriven  in  a  humid 
climate  does  not  seem  to  take  readily  to  an  arid  one,  and  vice 
versa.  Plants  from  the  shadv  forest  do  not  usually  thrive  on  an 
exposed  plateau,  and  vice  versa.  A  plant  which  has  lived  in  a 
thermal  clime  does  not,  usually,  tolerate  frost:  but  in  the  latter 
case  the  converse  is  not  equalU*  true :  a  plant  of  the  cool-tempe- 
rate zone  will  often  thrive  better  in  the  gt*nial  clime  of  the 
warm-temperate  zone,  than  one  which  has  always  lived  in  the 
latter.  Arctic  plants  do  not,  as  a  rule,  thrive  near  the  tropics, 
but  those  from  ac<nhpamtively  cold  climate,  if  transplanted  a 
few  degrees  nearer  the  equator,  will  often  over-run  and  choke 
out  plants  indigenoii^  to  the  latter;  they  appear  to  have  deve- 
loped a  more  rugged  constitution  under  the  more  rigorous  con- 
ditions of  their  original  home,  which  enables  them  to  oust  their 
less  sturdy  neighbours  of  the  warmer  clime. 

IIow  Plants  may  Migrate. 

How  do  weeds,  nqt  being  endowed  with  the  power  of  loco- 
motion, travel  from  place  to  place?  There  are  two  classes  of 
weed  migration,  the  natural,  in  which  the  dissemination  is  un- 
aided by  man,  and  the  artificial,  including  the  many  ways  in 
which  distribution  is  more  or  less  furthered  by  human  agency. 
The  principal  modes  of  distribution  are  here  mentioned,  with 
a  few  examples  of  each. 

*^*"  ^  •     *    '        '     A.—yatjH^al  Dhsemlnation. 

B\f  Runner.^. 

CjTlbdob  dkctylon;  ' 

C>Tiodon  incompletus  (an  indigenous  species). 
The  gfarden  strawberrj*  is  a  familiar  example. 
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Agave  americaiia. 
Andropogon  halepensis  effusas. 
Amndo  donax. 
Crpems  esc-alentns. 
Paspalnm  dilatatuin. 

Running  Roots. 

Cardnm  arrensis  I  not  a  TransTaal  species  >. 

Seed-thro tting  Appimius. 

Euphorbia  spp. 
Gyuandropsis  pentaphylla. 
Uxalis  comicalate. 
Rieinus  communis. 
Vicia  sativa. 

Flying  Seeds  and  Frnii^. 

Conyza  podoeephala. 
C*iyptostemma  ealendulaeeum. 
Erigeron  canadensis. 
Gnapbalinm  luteo-album. 
Gomphocarpus  fmticosus. 
Populus  alba  canescens. 
Salix  babylonica. 
Sonchus  oleraceiis. 
Taraxacum  officinale. 
Tragopogon  porrifolius. 

Tti  m  blr-  weedjf. 

Amarantus  albus  (not  \-et  found  in  tlieTransvjiiil). 
Palkicum  eapillare. 

Seeds  and  Pieca  of  Stem  carried  htj  Water. 

Andropogon  kalepensis  effusus. 
Nasturtium  officinale. 
Polygonum  amphibium. 
Polygonum  lapatkifolium  msieulatum. 

Berrie.i  eaten  by  Birds. 

Lantana  salvifolia  (?) 
Physalis   minima   (?) 
Rubus  rossefolius. 
Solan  um  nigrum. 
Solanum  pseudo-capsicum. 

Stfds  and  Stews  tarried  on  the  feet  of  Water-bird.^  and  of  frogs 

and  other  Reptiles. 

Eloilea  canadensis  (not  found  in  the  Transvaal) 
Wnlffia  sp.  (a  native). 
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Small  Seeds  viay  pass  through  Cattle  and  Horses. 

Kraal-weeds,  such  as  the  Pig-weeds  (Amarantus),  Stink- 
blaads  (Datura),  etc. 

Fruits  (burrs)  and  Seeds  carried  by  Animals, 

Agrimouia  eupatoria  capeiisis  (a  native  species). 

Alternanthera  sp. 

Bidens  pilosa  and  var.  leucantha. 

Cyathula  globulifera. 

Cynoglossum  micranthum. 

Harpagophytum  procumbens  (a  native  species). 

Medicago  denticulata. 

Setaria  verticillata. 

Tragus  racemosus. 

Tribulus  terrestris  hispidissimus. 

Xanthium  spinosura. 

Xanthium  strumarium. 

Spiny  Fruits  and  I^ ranches. 

Opuntia  sp. 

B. — Weed  Mi  (/ration    by  Artificial  Means. 

Roots  and  Seeds  carried  by  Farm  Machinery. 
Cynodon  dactylon. 
Cynodon  incompletus. 
Cyperus  esculentus. 

Seeds  and  Bulbs  Carried  in  Xursery  StocJc. 

Cyperus  esculentus. 

Cyperus  rotundus  (a  weed  at  the  Cape,  not  yet  recorded 
from  the  Transvaal,  but  to  be  expected). 

Weed  Seeds  carried  in  Pacldng  Material. 

Coronopus  didymus. 

Weed  Seeds  carried  in  Hay  and  Forage. 

Amarantus  spp. 
Brassica  campestris. 
Brassica  nigra. 
Capsella  bursa-pastoris. 
Hypochseris  radicata. 
Raphanus  raphanistrura. 
Sisymbrium  capense. 

W^eed  Seeds  carried  in  Commercial  Seeds, 

Phalaris  minor. 
Lithospermum  arvense. 
Polygonum  convolvulus. 
Hypochseris  radicata. 
Anthemis  cotula. 
Silene  srallica. 
Vaccaria  vulgaris. 


\ 
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Xylopleurum  roseum. 
X.  —  tetrapterum. 
Zinnia  paiiciflora. 

Railway  Weeds, 

Bidens  pilosa  leueantha. 
Dactyloctenium  aegyptium. 
Leucas  martinicensis. 

Roadside  or  Treic  Weeds. 

Bidens  pilosa. 
Chloris  virKata. 
Eleusine  indica. 
Tricholsena  rosea. 

Towpath  Weeds. 

As  we  have  no  canals,  this  mode  of  dissemmination  does 
not  pertain  to  the  Transvaal. 

Considering  the  large  number  of  plants  under  cultiva- 
tion in  gardens,  all  the  world  over,  it  is  remarkable  that  so 
few  of  them  have  become  naturalised  in  the  countries  in  which 
they  are  grown. 

Several  species  occur  in  England  as  casual  garden  escapes, 
but  they  rarely  become  naturalised  so  as  to  be  classed  as  inte- 
gral parts  of  the  flora.  There  are  some  exceptions  to  this  rule, 
as  in  the  case  of  Alyssum  maritimum,  and  Cochlearia  armoracia 
(Horse-radish),  both  met  with,  not  infrequently,  as  spontaneous 
plants  in  England,  and  the  former  well-established  in  Cali- 
fornia. 

Still  less  frequently  do  they  become  troublesome  weeds. 
But  there  are  a  few  notable  exceptions,  as  the  Orange  hawkweed, 
Hieraciiim  aurantiacuviy  which  has  become  such  a  pest  in  the 
North-eastern  United  States;  Lantana  camara,  which  in  the 
Hawaiian  Islands  has  completely  over-run  hundreds  of  acres  of 
what  was  formerly  valuable  plantation  land,  and  the  Sensitive 
plant.  Mimosa  pudicay  which  is  almost  equally  troublesome  in 
Ceylon. 

In  the  Transvaal,  however,  several  species  show  signs  of 
vigorous  naturalisation  : 

Zinnia  pauci flora  is  already  thoroughly  established  and  has 
degenerated  into  what  is  presumably  its  primitive  form. 

Mirabilis  jalapa,  the  4  oVlock,  is  abundantly  naturalised  on 
vacant  erven  in  Potchefstroom  and  elsewhere. 

Cannabis  indica,  the  Dagga,  is  met  with  as  an  escape  in 
almost  every  town  and  village. 

My  thanks  are  due  to  Dr.  Bolus  for  kindly  identifying  for 
me  some  six  species,  and  to  Mr.  J.  Medley  Wood,  A.L.S., 
Director  of  the  Durban  Botanic  Gardens,  for  having  most  cour- 
teously placed  the  Government  Herbarium  and  its  library  and 
microscopes,  unreservedly  at  my  disposal,  during  a  recent  visit 
to  Durban. 


20.— NOTES  ON  THE  VEGETATION  OF  SOUTHERN 

RHODESIA. 

By  R.  Marloth,  Ph.D.,  M.A. 

(Plate  XIV.) 

The  following  notes  are  the  result  of  some  observations 
made,  during  a  visit  of  a  few  dajs'  duration,  in  the  neighbour- 
hood of  Bulawayo  and  in  the  Matopos.  Unfortunately  it  was 
just  the  least  favourable  time  of  the  year  for  botanising  pur- 
poses, viz.,  the  end  of  October,  for  then  the  rainy  season  has 
hardly  commenced,  and  the  greater  part  of  the  vegetation, 
from  the  bulbs  upwards  to  the  large  trees,  is  still  in  a  dormant 
state. 

No  comprehensive  collection  of  plants,  which  could  be 
compared  to  those  of  Drege  or  Ecklon  and  Zeyher  at  the  Cape, 
has  been  made  in  this  region  as  yet,  but  several  travellers  have 
from  time  to  time  sent  home  plants  collected  as  occasion  arose, 
e,g.,  T.  Baines,  E.  Holub,  the  Rev.  W.  Elliott,  and  Frank  Oates. 
Recently  a  great  increase  in  our  knowledge  of  that  vegetation 
has  been  effected  by  the  collections  of  Dr.  Rand,  and  it  is 
probable  that  another  collector,  viz.,  Mr.  Fred  Eyles,  who  has 
the  advantage  of  residing  in  the  country,  will  continue  to  ob- 
tain further  material. 

The  traveller  from  the  Cape  Colony  who  proceeds  to  Bula- 
wayo by  rail  notices  a  change  in  the  vegetation  soon  after  cross- 
ing the  Orange  River.  Instead  of  the  stunted  bushes  scattered 
about  on  an  otherwise  bare  ground,  as  in  the  Karroo,  he  sees 
patches  of  grass,  which  gradually  increase  in  size,  and  finally, 
to  the  North  of  Kimberley,  begin  to  form  an  uninterrupted 
grassveld  (steppe).  Scattered  over  tliis  sicppo  are  various 
shrubs  and  trees,  the  latter  consisting  mostly  of  Acacias,  of 
which  two  species  occur  on  the  open  flat  ground,  viz.,  A.  fjiraf- 
fae  and  A,  spirocarpoides,  and  one  along  watercourses  or  in 
depressions  only,  viz.,  A.  horn'da.  Gradually,  as  on(^  proceeds 
further  north,  the  trees  draw  closer  together,  and  soon  after 
passing  Mafeking  one  finds  oneself  in  real  bush  country — that 
means  to  say,  grassveld  thickly  studded  with  trees  and  shrubs. 

Nearly  fifty  miles  nortli  of  Mafeking  tlie  appearance  of  the 
landscape  changes  considerably,  for  at  Lobatsi  a  range  of  hills 
has  to  be  crossed,  which  bears  a  different  v(»getati()n.  Most 
conspicuous  is  an  arborescent  species  of  Aloe,  with  a  stem 
nearly  a  foot  in  diameter,  and  with  a  crown  of  very  prickly 
leaves,  the  prickles  being  far  more  numerous  and  more  tliickly 
set  than  on  the  well-known  Alor  fcro.v  in  tlu*  southern  and 
south-eastern  parts  of  the  Cape  Cohmy. 

Soon  after  passing  the  Lobatsi  range  the  railway  crosses 
the  outskirts  of  the  Kalahari.  That  makes,  however,  little 
difference  in  the  general  appearance  of  the  vegetation.  It  is 
a  grass-steppe  with  numerous  bushes  and  trees,  the  latter  being 
not  quite  as  large  as  further  north.     The  main  reason  for  con- 
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sidt'i'iug  tliia  part  of  BeehitunHliiiid  as  beioiigiu^  to  tlit-  Kala- 
hari is  the  abftenc'e  of  open  wak-r.  The  rainfall  iss  <iuite  sutti- 
eient  for  supportiug  im  ample  vegetation,  but  owing  lu  the 
porous  nature  of  the  soil  aud  tht  absi'iii.e  of  mountaius,  the 
water  sinks  into  tbe  grnuud  and  furms  no  springs.  In  the  soil, 
Lowever,  any  (jnantif y  of  water  exists,  and  wherever  wells  have 
been  made  or  boreholes  sunk  they  have  always  yielded  sutficient 
wafer. 

THE  CLIMATK  OF   SOlTIiEKX  UHODKStA. 


As  Bnlnway 

the  EciuhIov.  it 
or  less  tropiful  i 
Bi.<lniinf*.ll  will 
1-  M.u,!hl:i 
wayo. —  Ali.>;in3  iit 


is  situated  only  20  degrees  to  the  south  of 
obvious  that  its  seasons  must  be  of  a  moi-e 
dure.       The  following  tables  of  temperature 
ciiionstrate  this  to  a  certain  extent. 
in,n<,n  and  iiiu.rhiia  „f  tciiificrattirc  at  Ifiilu- 
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—Monthly  means. 
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It  will  be  seen  from  thf  first  table  that  the  mean  maximum 
of  the  year  oreiirs  in  ( klober,  aud  the  mean  minimum  in  July, 
aud  that  consetiuently  these  two  extremes  are  separated  by  a 
|>ent)d  of  two  mouths  only. 

The  rainfall  returns  show  that  there  is  n(»  rain  in  winter 
liiid  very  little  only  in  spring.  ConBequently,  owing  to  the 
high  temperntui-e  prevailing  at  the  latter  season,  tbe  relative 
liumidily  of  the  air  must  be  very  low  just  during  the  hottest 
part  of  the  year.  Tiiis  is  fully  borne  out  by  the  table  given 
above,  for  in  1902  it  was  only  iiG  in  September.  4:i  in  October, 
ond  (il  in  November,  while  even  Deteniber  showed  only  45. 
If  onv  inmsiders  that  these  figures  are  the  means  of  eaeh 
tuuutb.  it  is  obvitms  that  the  vegetation  of  this  region  must 
have  a  very  trying  time  just  at  a  period  when,  owing  to  the 
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rise  of  the  temperature,  the  life  of  the  plants  has  the  tendency 
to  restart  its  activity. 

The  extreme  dryness  of  the  air  on  some  days  is  well  illus- 
trated by  the  readings  which  were  obtained  at  the  Meteoro- 
logical Station  at  Bulawayo  during  the  days  of  my  visit  to  the 

district :  — 

Dry  bulb.     Wet  bulb.     Rel.  hum. 

October  31,  190:3,  at  9  a.m.  8:J.5  deg.  60.5  deg.  23  p.c. 
Xoveml)er  1,  190-3,  at  9  a.m.  84.5  deg.  GO.O  deg.  24.5  p.c. 
November  2  81.2  deg.       61.2  deg.       20.0  p.c. 

November  3  82.0  deg.       61.0  deg.       21.0  p.c. 

These  figures  exceed  anything  observed  in  any  other  part 
of  South  Africa,  even  in  the  Karroo. 

This  extreme  dryness  of  the  air  in  spring,  even  as  late  as 
November,  explains  the  lateness  of  the  period  at  which  most 
of  the  trees  regain  their  foliage  and  the  herbs  come  into  flower. 

THE   VE(iKTATIOX. 

There  are  practically  two  formations  only  represented  in 
the  neighbourhood  of  Bulawayo,  viz.,  the  steppe  and  the  flora 
of  the  rocky  hills. 

The  Steppe  :  Of  the  various  varieties  of  steppe  occurring 
in  Central  Africa  we  have  here  almost  exclusively  the  wooded 
steppe,  which  changes  its  character  here  and  there  according 
to  the  nature  of  the  soil.  This  difference  of  soil  is  principally 
due  to  the  occurrence  of  three  different  geological  formations, 
viz.,  schists,  granite,  and  sandstone.  Bulawayo  itself  is  situ- 
ated on  a  belt  of  schist  which  is  traversed  by  manj'  quartz 
veins.  To  the  south  and  east  granite  prevails,  the  whole  of 
the  Matopo  district  consisting  of  this  rock,  and  to  the  north 
of  Bulawayo  we  find  sandstone,  which  forms  the  well-known 
landmark  called  Tabasinduna.  As  the  schists  produce  a  stiff 
clay  soil,  while  the  granite  forms  a  gravelly  and  the  sandstone 
a  lisrht  porous  soil,  it  is  obvious  that  these  edaphic  factors  must 
affect  the  distributicm  and  occurrence  of  many  of  the  plants. 
This  influence,  however,  has  not  been  investigated  as  yet,  for  a 
hurried  visit  of  a  few  days'  duration  is  quite  insufficient  for 
such  a  purpose. 

Generally  speaking,  the  ground  is  covered  everywhere  by 
grass,  which  grows  to  a  height  of  three  or  four  feet.  In  the  begin- 
ning of  summer — that  means  to  say  generally  from  the  middle 
of  November — the  plains  are  green  with  verdure,  and  in  the 
grass  many  herbaceous  plants  spring  up,  which,  being  in  pos- 
session of  underground  rhizomes,  had  been  able  to  live  through 
the  dry  season  and  to  resist  the  fires  lighted  by  the  natives  at 
the  beginning  of  the  rainy  season  for  the  destruction  of  the 
old  grass.  ( )nly  those  shrubs  and  trees  which  are  able  to  sur- 
vive the  fire,  either  by  possessing  a  bark  which  resists  it  or 
underground  root-stocks  which  produce  new  shoots  everj-  year, 
have  been  left  in  the  steppe. 
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Spec-ially  iiumerous  among  tKem  are  Ijeguiuiliosae  and 
Combretaceae.  Of  the  fornw^r  we  liave  muiiy  MimusaceaL-,  aa 
well  as  C'aesalplniaueao  and  Fupiliunai-eut'.  Of  the  first  of  tlipso 
three  groiipB  we  find  niiiny  kinds  of  Aracias.  Soinu  of  tUeni 
are  species  of  a  wide  distribution,  as,  e.g.,  Acaria  horrida, 
which  is  found  even  in  the  neighbourhood  of  Uapetowii,  and  A. 
1/ira^fic,  which  ncciirs  alnioat  everywhere  north  uf  the  (Irange 
River.  Others  are  of  a  more  limited  diatribiitimi.  Xear  the 
ruins  at  the  Khami  were  several  large  ti-ees,  of  a  species  which 
I  bad  not  seen  further  south,  with  a  trunk  nt  least  twenty  feet 
high  and  a  head  of  about  sixty  feet  in  diameter.  It  is  very 
similar  to,  if  not  identical  with,  A.  Abysihiiia. 

Among  the  L'aesalpiniace»e  are  quite  a  number  of  beauti- 
ful trees,  the  most  common  one  being  the  Mopaue  (Cnp^iifcra 
ninpiiiii-).  It  is  mostly  scattered  among  the  other  trees,  but  in 
some  parts  it  forms  real  forests.  These  trees  have  a  most  pecu- 
liar appearance  in  spring  when  the  new  foliage  appears,  for  the 
young  leaves  are  brown  or  reddish,  even  when  of  full  size,  and 
consequently  a  Mopnne  at  the  beginning  of  summer  looks  like 
&  European  oak  or  liecch  in  autumn.  Only  later  in  summer, 
when  the  texture  of  the  leaves  has  become  more  resistent,  they 
«ssume  their  ordinary  green  colour.  As  the  leaf,  which  has 
the  shape  of  the  footprint  of  a  goat,  measures  several  inches 
in  length  and  width,  it  is  not  surprising  that  every  traveller 
who  (grossed  these  regions,  from  Livingstone  to  the  present  day, 
should  have  admired  these  forests. 

There  are  quite  a  number  of  species  of  Bauhinia,  some 
■only  a  few  feel  high  or  even  trailing  on  the  ground,  as  B.  reti- 
culata, others  large  shrubs  or  trees.  (Jassia  and  Albizzia  have 
also  a  considerable  number  of  representatives.  Among  the 
Pupiliouaceae  are  several  trees  with  showy  flowers — e.g.,  I'cUo- 
^lorum  AfruHinum,  with  yellow  flowers,  and  the  widely-spread 
aurhea  Africona. 

A  few  only  of  the  many  C'ombretaceae  can  l>e  mentioned 
here,  e.g.,  Covihretvni.  hofo-icriceum,  Pterocarptts  nrriceus,  and 
others,  most  of  them,  as  the  names  indicate,  with  silk-haired 
leaves,  a  sign  of  the  xerophilous  climate. 

Among  the  shrubs  of  other  orders  is  the  most  remarkable 
one,  an  undescribed  species  of  Prntea.  Although  this  order  is 
<me  of  the  largest  in  the  flora  of  South  Airica.  it  is  almost  con- 
fined to  the  soulh-wesfern  districts  of  the  f'ape.  A  few  out- 
liers follow  the  mountain  ranges  of  the  south-eastern  and 
eastern  coasts,  Xatal  possessing  three  species  of  Protea,  against 
75  in  the  tape  Colony.  It  is  also  known  that  a  few  species 
occur  on  the  East  African  mountains,  e.g..  P.  hiliiitandscharica, 
and  that  one  is  found  in  Abyssinia,  viji.,  P.  nbtfaihiica.  liuite 
recently  sii  new  species  were  discovered  by  Baum  in  the  hintpr- 
land  of  Mossamedes.  near  the  headquarters  of  some  tributaries 
«f  the  Zambesi.  But  in  the  enormous  intervening  region  no 
siamber  of  this  genus  was  known  to  exist,  and  only  one  repre- 
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boulders  ai-e  nut  i-eally  bait,  althaugh  they  appear  to  be  bo 
wheu  aeen  £roui  a  diBtaiice.  They  are  cuvered  with  ihiekly-set 
lioheiisof  Tarioiis  colimrs,  which  show  up  very  brightly  during 
rainy  weather,  when  the  tissues  have  Wonie  filled  with 
uuisture. 

Aluidst  all  fhe  ti-eea,  shrubs,  and  herbs  observed  in  the 
oi>en  etmiilry  (ncurred  alsu  uu  iiiid  among  the  granite  hills  nf 
the  Mntopos,  but  besides  these  there  were  many  other  cou- 
spieuous  typts. 

Between  the  boulders  or  in  Ihe  eraeka  grow  several  large 
8pei.-ies  r.f  Ficus,  among  tliein  F.  tuitolemtis,  which  occurs  not 
only  in  Xatiil  but  alsrn  nciiv  Kuruinau.  in  Daniaraland.  and 
even  in  fhe  Karroo.  Sonic  other  speiiea  of  Fieua  had  liand- 
aouie  huge  leaves,  as  large  as  those  of  the  cultivated  species. 
»nd  an  Krythrina,  vix.,  E.  htthnimu,  had  not  less  hixuriant 
foliage,  but  formed,  when  not  so  far  advanced  and  consequently 

i'ust  in  tliiwer,  a  far  more  beautiful  sight,  owiug  to  its  large 
iiuebes  of  scarlet  blossoms.  Not  less  beautiful  was  the 
Itho<leBian  midiogany  tree,  .if:fliii  iutiii:fnsis  Welw..  with  its 
ehiuiug  green  leaves,  and  racemes  of  red  flowers,  and  the  some- 
what smaller  Dicrottavhn),  with  its  purple  blossoms.  Many 
Acacias,  Ciissias,  and  Euladus  grew  nn  these  rocks,  one  speeiea 
of  Caasia,  vi/.,  <'.  nhhrvelntii,  bearing  pods  that  wei*  18  inches 
long.  Very  eouiiuon  was  also  Klvphanturhizo  livrchcllii,  forni- 
iDji:  aumerous  light  green  patches  on  the  granite. 

The  most  striking  forms  of  vegetation,  however,  weie 
the  tree  Euphorbias,  of  which  two  species  occur  iu 
the  Matopos.  while  only  one  of  them,  via..  E.  RtinhardUi 
Volk,  was  noti.ed  on  the  hills  near  Bulawayo  and  in  similar 
localities  near  the  railway  line  as  far  south  as  Francistown. 
The  same  species  ocrnrs  idso  ul  Natal,  evidently  having:  a  wider 
range  than  aiiv  of  ils  African  allies.  The  other  species,  with 
somewhal  drooping  hrajujics.  lias  been  identified  as  E. 
l,nh  Klotz9<-h.  As!soiialc.l  willi  il  w 
with  a  stem  lo  feet  high,  foiniiiig  u  ni 
as  well  as  belweeu  the  ruins  at  the  Rha 

I  might  mention  that  I  saw  only  one  other  species  of  Aloe  of 
the  stemless  form,  one  Kalanchoe,  one  ('rasaula,  and  one  Sta- 
pelia.  The  latter  formed  large  groups  on  some  of  Ihe  granite 
siopps.  but  iieitlicr  of  these  (ilanta  being  in  flower,  their  identifi- 
I  unlit  (lie  specimens  which  I  am  culti- 
I  or  uniil  someone  else  collects  them   at 


iiislly  a  very  tail  Al-K-. 
oiispiciious  object  here 
Oi  smaller  succulents 


ippi . 
cation  will  liav 
vattng  produl 
the  proper  sc 
1)1     otlicl 

Vvll.K 


:anc. 


planU  I  must  not  omit  to  mention 
t  Tielongs  to  a  family  mostly  occurring 
Brazil,  hut  having  a  few  repi-esentalives  in  tropical  and  sub- 
tropical Africa.  The  plants  might  be  described  as  miniature 
^■nss  tn>e«,  for  the  stem  is  only  a  couple  of  feel  high,  bearing 
n  bunch  of  grass-like  leaves  at  the  ends  of  the  branches,  front 
which  also  (be  blue  flowers  arise. 
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explanation  of  plate  xiv. 

Vegetation  in  the  Matoixn. 

The  large  tree  is  Faurea  stdirjna^  to  the  left  of   it  are  shnibs  of  Protwu  in 
the  centre  Acacias,  on  the  right-hand  side  a  KafKr  orange  tree. 
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r  Mrt  nf  iW  Kstskah  wUch  I  Tiaitnl  in  ampvay  viUi  Dr.  J,  '. 

BBmrtbead  in  SeptRnber.  lOO:),  ba»  fawa  nrrly  Viaitv>l  br  vhite 
We  ««Bt  li;  rail  to  Palapyp  Bowi' Scatiim.  thra  by 

I  »luntt  dae  «c»t  -tS  mD^a  (»  Sentwe.  Ukd  proo^edM)  itn 

_>  rratil  to  Lak?  X'^aaii.  aearly  50  miles  in  a  north-wstrrlv 

■dirrrtioD.  a*  bti  »a  H'mtrnmrv  pit.     From  tbetc  wr  pvnvtntea 

tw»»twai>U  iui'i  the  Salahan  for  a  distance  of  about  24  raiW. 

'  Our  Trip  m^iu  parpoarly  atMirrlaken  in  the  dry  reason,  aa  our 
objwrt  *■»  to  pnx-ore  skins  of  wme  larp  animals,  especiallr 
Kland.  for  the  Albany  Mweam  and  tbe  rniml  Stairs  NatKuial 
Mnseain.  We  wvre  snerrMfiil  in  onr  main  iibjrrt.  bat  thnttgb 
tlt«  neaATin  (raa  most  nnfavodrabltr  for  bioh'p'r-al  i)1»fmili<ias. 
and  \litmgh  nnr  movemi-uts  werp  n^iilaleal  by  the  exigrnrivs 
of  tlir  <-tia<>e.  niid  tLf  liiu«-  vt-ry  liotite*).  we  irpre  able  lu  nillfct 
a  fpw-  ritlier  iultrf-aling  Xaliiml  HisKiry  and  £tlib«>)n(rii-al  oh- 
jWt*.  and  to  niako  a  few  cibsiTrulioDs  wbirb.  tlinngli  ^niall  iit 
iiriiii)M-r.  •ufrin'i^l<*d  Mime  pmblpins  in  Natural  Ilislnry.  Ethni>~ 
1**^,  and  otiipr  siibjcrts,  with  whirh  I  will  deal  brif-Sy  to-day. 
If  J  ran  luanagp  it,  I  hope*  !'•  follow  qp  my  last  trip  at  do  dis- 
tant date,  and  thus  perhaps  be  able  to  runiribute  towards  ttio 
•olrilion  nt  iUeae  prriblems;  bnt  I  sliall  be  amply  repaid  if  uy 
pH{H-r  lii-lps  (fi  dtrei-l  (iir  attention  of  eompetent  observers  to 
the  Kalaliati.  tlii-  leant  pxp1'>re<l  part  of  South  Africa  at  tbe 
pr«'seDt  tiuif.  It  affords  an  immense  field  of  espliiralitm  for 
the  AnthntiMiliigist,  the  Botanist,  tbe  Zoologist,  the  Geolofriat, 
anil  llie  Mft(-orol(i(fist. 

Thr  average  allilride  of  the  cimntrv  wb  traversed  from 
Palapyp  Koad  Station  is  aboot  :i,TOO  ft.,  nearly  as  much  as  the 
neighhiiiirhooi!  "f  the  lountry  round  Kimberley.  Al  Serowe  it 
was  actually  3.700  (t..  twenty-tive  miles  further  north  tlie  road 
had  risen  laa  indicated  bv  my  anemid)  to  about  4,1IV>  ft.,  at 
irni.«nive  it  waa  =(,300  ft".  14  miles  further  west  it  waa  4,900 
ft.:  from  there  it  fell  about  400  fl.  in  the  ue.-st  12  miles.  These 
tigiirc*.  wiiiih  are  only  approximate,  show  you  that  the  country 
gcncriilly  i*  ffn-ally  iiiidiilating.  Iii  addition  to  ihese  more  or 
le*»  gentle  undulations  of  the  geiienil  surface  of  the  nouwtry. 
(here  are  niimertnis  hills  from  the  neighbourhood  of  Serowe  on- 
wanln  to  beyond  M'mixmve,  some  of  which  are  cbaracterisliff  I 
table  mountains  rising  abruptly  from  the  plain.  The  soil  : 
mosilv  i)f  a  Handy  nature. 

'fho  chief  rainfall  occurs  in  summer,  and  must,  as  a  I 
rule,  be  very  copious.  The  result  is  a  wonderfully  rich  | 
vegutnlion,  quite  unlike  what  one  would  expect 
so-called  rlesert.  I  mav  remind  you  that  in  the  North  Afriran  | 
deserts  the  rainfall  is  resliicteii  to  the  winter  and  early  spring. 


A  TniF  ■ 

o  that  few  plants  can  flniii'isli  diiriiiff  thp  pitilpss  licat  dI  t\n- 
miamer. 

Prom  Mnfeking:  to  tlio  fnrfhest  limit  nf  mir  iiip  we 
b'avellcd  throiigli  iuhtliin(f  Imt  riclily-M-odiled  cimiitry.  In  iKc 
ftesert  the  tit'fn  wcic.  pciljiipM.  ua  a  rule  Honiewhat  fiii-thir 
Rpai't,  anil  imt  qiiile  an  liiftli,  Imt  tlieir  rharapter  did  not  change. 
li  is  true  snme  species  wfie  fmuul  only  in  limited  ai-eas,  but  nn 
RpparPDt  reaBuu  could  be  assigned  for  these  faets  ni  diatribu- 
fann.  to  which  further  attention  should  be  devoted  at  a  st-ason 
Ttheii  the  trees  are  in  foliage  and  flower,  so  that  they  can  be 
iteadily  determined.  I  could  not  vecngnise  ninny  of  the  tn-ea, 
as  I  saw  them  only  in  Ihi^lr  winter  garb,  without  leaf,  flower, 
and  fruit.  Of  those  which  I  could  lucale  in  the  natural  sys- 
tem, several  species  of  H'luhiiiin,  to  wliidi  the  dry  leaves  of  last 
■year's  growth  still  clung,  showed  in  most  artistic  variegated 
'  )urs.  llesides  these,  there  were  a  number  of  species  of 
■Acacia,  some  Coinbrrtnrffir.  some  StcrctiJiaicac,  ii  tree-Kuphnr- 
ifcia.  bnt  no  palms,  and  the  Baobab  was  also  absent.  A  species 
vf  Rhiffiizuiii  and  two  species  of  Stri/chiio-i  were  very  common. 
.«iid  the  former  when  in  flower  brightened  np  the  landscape 
•considerably.  A  few  Stfipelitjn  were  nntieed  along  the  road, 
one  ot  them  the  foul-smelling  Cnralhimn  hilni.  which  also 
urs  near  Kimberley.  An  arlKiivscenl  Alnr.  jciiching  ubimt 
12  ft.  in  height,  was  not  unccunnmn.  e.spcciully  on  the  tops  of 
Bome  low  hills.  There  were  also  found  three  other  .l/'ic>,  two 
cf  which  (.-1.  Grrathcailii  and  .1.  hantanffipatcnxiK)  have  already 
proved  to  be  new  to  science.  (If  these  Alnrx  none  formed  a 
conspieuims  feature  nf  the  vegetation.  Thei'e  was  a  fine 
KalajichiiF  fairly  common,  hut,  apart  from  these,  succulents 
re  absent.  Various  kinds  of  Loranthrtcette  presented  them- 
selves on  the  trees,  There  were  also  remflins  of  Ciicurhitnrcae, 
and  judging  from  the  collections  made  by  ('apt.  Lugard,  some 
of  which  we  have  in  the  Albany  Museum,  fine  bulbous  plants 
must  be  rather  conunon,  Thci'e  was  everywhere  an  iibnndant 
growtli  of  grass,  whiidi  lichmged  mainly  to  the  genera  Aiiilni- 
pogon  and  .\ri.itiiht,  and  which  seemed  to  be  identical  witli 
species  which  are  well  known  from  the  Transvaal  and  else- 
where. I  will  not  dwell  fitrtlicr  on  the  vegetation,  for  I  had, 
i  previously  remarked,  no  iippoitnnily  of  studying  it  thor- 
oughly, although  what  we  saw  gave  one  a  good  impression  of  its 
general  character,  and  confirmed  the  general  idea  that  it  forms 
with  the  greater  part  of  the  flora  of  the  Transvaal  a  well-defined 
Imtunii-al  region,  which  has  been  called  the  Kalahari  region. 
It  is  a  pity  Ihia  name  has  lieen  generally  accepted,  as  a  region 
ahould  not  be  called  by  its  pfmi'esl  portion,  and  the  gi-eatcr 
part  of  the  Kalahari  is  much  poorer  even  than  the  part  we 
visited.  I  wish  we  could  change  it  in<o  "South  Afriiau  Park 
Region,"  for  the  general  resemblance  of  the  country  to  an 
Knglish  Park  is  very  striking,  with  its  trees  dotted  almut  every- 
•wherr  and  its  luKufiant  growth  of  grnss. 
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came  back  from  my  trip  to  i!ip  iiortli -eastern  poi-ti"ii.  loli!  me 
lliat  the  peitple  represented  on  my  pLutna  weif  very  much  Vikc 
llie  Musarus  which  Ac  had  met;  while  another  friend — Mr. 
Janieaon,  ot  Serowe— iinhesitutingly  stitted  that  the  wild  Bush- 
nifu  nearer  Lake  N'gami  were  c|uite  diffei-ent.  Stil!  the  qiies- 
lion  presented  itself,  "What  are  the  Kalahari  Bushmen?" 
But  ti'foro  dealing  with  this  and  allied  iiuestions,  ynu  will  per- 
haps allow  me  to  tell  you  a  Htlle  more  uhoiit  the  people  as  we 
found  them. 

The     horde     with     which     we     came     into     contact 
the   servants   of   Khama,   for   whom    tliey   herd   a   few  goats.  I 
They  live  in  rude  shelters,  whieh    are    sometimes    of    conical  1 
shape,  but  are  frequently  only  upright  walls  nf  tree  braiichoi>  I 
forming  portions  of  a  circle,  seldom  so  complete  us  to  leave  f 
only  a  narrow  entrance.     They  live  chiefly  on  the  bulb  i 
small  liliaceous  plant  (.S'(i7/cj  tp.),  to  collect  which  they  make  long 
jtmrneys  westwards  into  the  desert,  on  wild  frnits,  on  the  milk 
of  the  goats,  and  on   such   game  as  they  can   procure.        The 
seeds  of  the  species  of  Stri/rhnns  ("  Kloppertrees  ")  previously 
mentioned  were  swallowed  by  them  whole  with  the  pulp  sm- 
rounding  them.     It  is,  therefore,  pretty  certain  that  they  be- 
come non-poisonous  when  ripe.       It  would  be   interesting  ti>  1 
study   the   chemical   changes  which    they   undergo  during  the    i 
process  nf  ripening.     The  Maaaras  eat   meat  preferably  when  j 
it  is  so  high  that  no  European  would  touch  it,  and  when  i 
p»ity  prficured  any  game  they  possessed  themselves  at  once  of  I 
tile  offal,  which  thoy  treasured  so  highly  that  they  brought  it  [ 
into  camp  even  when  there  were  large  quantities  nf  good  meat.  I 
They  had  no  name  of  their  own  for  wagffon.  which  they  call  by  J 
the  Bechuana  name,  Eolohi :  the  horse  was  called  hv  the  same  | 
name     as    the     zebras,    namely,     (juagga     {with     the     accent  f 
on     the    last     s.vllablel.       A     fen*     other     aamplei*     of     Ihei'' 
languages    may   here    be    t|Uoted  ;  — My     guide     on     one    occa- 
sion   was    "  Mati  "    (the    man    who    spits);     his     friend     was 
"  Kareka  "  (the  man  who    buys    something);    "  utzare  "    flook  | 
after  the  horse);  "  taai-namai  "  (where  is  the  water);  "  doo  " 
(Eland);    "  yoowakwoo "     (with     a     click     on    the    k),    (Ox): 
"ukana"    (tree);    "  shoritshakooma    doo"    (give    me    tobacooV  . 
Tufortunately,  just  when  I  had  won   their   confidence   at   nar  i 
main  camp,  and  was  beginning  to  get  some  information  oat  of  j 
tlieiu,  I  was  called  away  to  join  mv  companion  in  (he  hunting  i 
grounds,  anil  no  further  opportunity  presented  itself  to  get  a  f 
kiHiwledgc  of  their  language.     When  fetching  water  from  tlie  j 
well,  many  carried  it  still  in  the  old-fashioned  wav  in  nstrtcll 
egg-shells,  while  others  used  eartlicuwarc  pfitsfor  this  purpow.  i 
which,  however,  were  not  of  their    own    make,    and    ororurod  j 
from    Serowe.     Matches   are   still    soTuewhal    of   n    curjoeitv  to  i 
them.     They  nroeure  fire  by  twirling  a  Utile  slick  in  a  hollow  j 
of  another,  which    is  firmly  held  on  the  ground  by  one  foot,  j 
and  round  which  a  little  dry  grass  is.  placed.     We  timed  them  / 
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iwice  in  this  operation,  and  eacli  time  the  grass  was  aliglit 
inside  of  a  minute.  Sumetimes,  but  not  always,  a  little  sand  ia 
crinkled  into  the  hollow  of  the  stick  on  the  ground. 

Money  is  also  still  a  curiosity-  amongst  Iheni.  If  you  give 
le  a  sixptnio  or  a  shilling,  it  is  handed  round  and  gazed  at 
_■  the  whole  crowd.  Tobacco,  which  they  smoke  and  ulso  use 
^^8  suuff,  is  Tpry  much  prized  by  them.  A  few  small  pieces  will 
my  pretty  well  all  their  scanty  belongings,  and  also  secure 
thfiir  services. 

Like  all  South  African  natives,  the  Uusaras  are  very  super- 
■titious.  Every  man  carries  a  set  of  dollos  or  charms,  con- 
■istiug  of  live  pieces,  which  are  consulted  on  every  possible 
Occusiim.  These  dollos  are  composed  of  two  hoofs  of  the 
Wildebeeste,  two  longish  pieces  of  brjne  or  horn,  and  a  small 
bone  of  an  antelope.  To  consult  them,  a  man  clears  a  small 
place  ou  Ihe  ground,  then  he  tiikes  them  in  his  hand  like  dice, 
tVtteriug  some  kind  uf  invocation,  and  then  he  throws  them  on 
the  ground.  From  the  position  of  the  dollos  he  divines  what 
lie  wants  to  know  in  accordance  with  rules  which  are  generally 
tinderstoiid  by  them.  They  are  remarkably  clever  in  their 
Prognostications.  Being  sometimes  left  alone  with  them  for 
Bays  together,  I  amused  myself  by  making  them  throw  the 
dollos  for  me  on  several  occasions.  I  must  admit  tliat  the  cor- 
Teetiiess  of  tjieir  prognost ligations  made  me  sometimes  feel  quite 
iCreepv,  ihoiigli  subse(|iiciitlv  1  could  sometimes  picture  to  my- 
self the  chain  of  idcjis  ivhicji  had  led  to  them;  still  their  cleve'r- 
Jiess  made  nic  iinilcisUmil  what  power  the  witch-doctors  with 
fuiiur  praitices  must  wield  iimongst  the  Kaffirs,  and  what 
i-nugth  of  charucler  it  required  in  »  man  like  Khama  to  reject 
these  things  as  deceptions  already  when  he  was  a  mere  youth. 
Further  west  in  the  desert  and  also  towards  the  north  near 
Lake  N'gHnii,  the  Masara  Itusbmcn  are  said  to  be  still  pure  in 
■HCe,  and  still  adhere  pretty  closely  to  their  original  mode  of 
ife,  and  even  carry  bows  and  poisoned  arrows,  which,  with 
|()i»hhen'ies,  form  their  only  weapons.  Yet  they  are  generally 
ribed  as  much  taller  than  the  ('{ilunial  Bushmen.  It  "s  a 
wo  have  so  very  few  nccuriilc  observations  on  them. 
iciiilU{.'  coming  from  Damaiiilatiil,  met  them,  and  gives  a  good 
Becouut  of  them,  and  the  osieological  I'emaina  collected  by 
Ifratik  Oates  and  described  by  Rollestoii  must  also  be  ascribed 
ia  them.  I  am  beginning  to  doubt,  however,  whether  we  have 
a  right  to  look  upon  them  as  being  of  the  sumo  race  as  the 
nnw  almost  extinct  ('ohmial  Bushmen.  I  am  afraid  that  even 
■writci-8  who  have  u  claim  tn  scientific  distinction  have  been 
imisled  by  the  name  Hushnien,  under  which  they  all  have  been 

Ham  Scliin/,    "  Dei itsch-Siid- West   Afiikn,"  Olden biiig  mid   I.sipiis.  189! 
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lumped  together  by  tlie  public  anti  by  that  cIubs  nf  wriicrs 
who  have  blesBed  us  with  surli  a  large'  flood  of  books  lui  Smuli 
African  travels,  in  which  usually  the  gi-eater  part  Js  taken  up 
witli  aucli  difficulties  us  wagffini -travel ling  in  the  intpnov  in- 
variably brings  forth,  and  with  Imnting  adventures.  We  still 
want  &  competent  anthropologist  to  fi^ive  us  an  exhaustive 
treatment  of  what  can  still  be  knowu  of  these  raarvelloiisly  in- 
teresting representatives  of  primitive  mankind  which  have  been 
lumped  together  as  Dushmeu.  It  is  a  pity  that  Fritsfh  did 
not  penetrate  beyond  the  Bamangwato  capital,  and  thus  missed 
the  opportunity  of  acquiring  information  about  the  Mas-ins  at 
first  Land.  As  far  as  I  know,  only  one  traveller,  Mr.  Andrew 
A.  Anderson,  baa  clearly  expressed  the  opinion  that  there  are 
several  kinds  of  Bushmen.  In  his  "  Twenty-five  Years  in  an 
Ox  Waggon  ■'  (London,  188S;  p.  218)  he  states  thiU.  then-  are 
four  types  of  Bushmen  in  the  Kalahari — the  first,  very  wild 
and  only  rarely  met  with,  has  nn  forehead  and  half  wool  and 
hair  on  their  bodies.  The  second  is  the  wild  Itusliuien  who  live 
in  the  mountains  near  the  Orange  River,  who  war  on  all  men, 
but  are  of  good  form,  without  hair.  The  third  is  the  Uasara  '( 
Bush  family,  also  of  good  proportions  and  of  gentle  disposition, 
inoffensive  and  harmless,  ready  to  lielp  and  >lo  iinything,  they  ' 
make  good  servants.  The  fourth  (by  which  he  prohably  means 
the  Bakalahari,  which  are  generally  looked  upon  as  an  im- 
poverished Uantii  tribe)  is  much  taller  and  u.'ll  formed,  (.'re-iE 
rascals  who  cannot  be  trusted  with  anything.  They  inhabit 
the  eastern  portion  of  the  desert  and  down  by  ilii'  Litnglie 
The  Bushmen  of  the  Northern  Kalahari  are  much  the  same  aa  J 
the  Masara,  but  he  adds,  and  he  speaks  from  persona]  know- 
ledge, everi/  one  quite  iJittinct  from  the  Drakenxherg  Bu^Uwvn,  1 
whine  form  and  cnhmr  differ  entirely  from  the  othrri.  whivh  I  \ 
belicpe  to  be  a  dintiiict  race. 

Ae  I  am  writing  these  notes  I  am  ignorant  of  the  arra-iije- 
menta  which  have  been  made  for  the  reception  and  entertain-  ] 
ment  of  the  British  Association  next  year,  bnt  T  think  their  1 
visit  could  be  utilised  for  bringing  this  and  similar  nueBtious  1 
to  a  successful  issue.     If  sufficient  inducement  were  held  out  to 
them,  there  will  lie  a  chance  of  prevailing  upon  some  of  the 
best  anthropologists  of  the  world  to  tackle  such  problems,  and  I 
I     would  suggest  that  at  various  centres  where  a  longiab  atay  ] 
is  made,  representatives  of  tlie  variims  tribes  be  collected  to-  J 
gether  for  investigation.     Thus  in  Cape  Town  we  could  have  ] 
Hottentots   and   Bushmen   from   the   south-western    Kalahari: 
in  -Tohannesbui-g,  no  diiuht,  numerous  Bantu  tril>e»  and  sonic 
remnants  of  the  Drakensherg  Bushmen  could  be  collected  to- 
gether; in  Kimberiey,  Bnlawnyo.  or  some  other  centre  nlong  J 
the  line  to  the  Victoria  Falls,  the  tribes  from  the  eastern  and  I 
nofth-eaatern  Kalahari  could  be  represented.     If,  in  addition  { 
to  this,  the  various  museums  would  combine  to  exhibit  in  e 
ocutre   their   osteological    material,    the  bait    would   be    over-j 
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wlielmiiigly  tempting  for  any  European  or  American  anthro- 
pologist who  couhl  join  in  the  visit.  The  expense  would  be 
inconsiderable,  and  no  doubt  the  various  Governments  and 
Native  Chiefs  would  help,  and  thus  an  opportunity  could  no 
doubt  be  utilised  which,  with  the  changes  that  constantly  take 
place  amongst  the  natives  with  advancing  civilisation,  will 
never  occur  again. 


I. 


22-— ADDITIUXAL  XuTES  i  »X  THE  DEVELUPMEXT  OF 

SOUTH   AFBICAX   FISHES. 

lAbttmctJ] 

Bt  J.  D.  F.  GiixrHUST,  MJL,  B.Se.,  PhJ).,  GoTEExiiErr 
Biologist  to  the  Colost  aw  the  Cafe  of  Good  Hope. 

At  the  last  meeting  of  this  Association  I  gavp  a  short 
ac-count  of  work  that  had  been  carried  out  on  the  development 
of  some  South  African  Fishes,  or,  to  express  it  more  acen- 
ratelv.  the  €*effs  and  earlv  staires  of  some  South  African  Fishes. 
As  is  the  case  in  the  history  of  the  development  of  the  fishing 
industry  in  nearH'  all  r-ountries.  a  demand  has  arisen  in  South 
Afrirra  for  more  exa/-t  information  with  regard  to  the  natuie 
and  habits  of  the  fish,  which  form  a  substantial  proportion  of 
the  frx>d  supply  of  the  country.  There  were  times,  not  so  long 
ago.  when  the  population  of  this  country  and  the  means  of 
transpf^rt  were  not  what  they  now  are,  and  fish  could  be  pro- 
cured at  a  comparatively  trifling  c-^tst.  With  increase?l  popula- 
tion and  general  advance,  with  which  the  fishing  industry-  did 
not  keep  pace,  it  began  to  be  realised  that  the  supply  fell  ci>n- 
siderablv  short  of  the  demand.  Added  to  this  was  the  fact 
which  was  becoming  apparent  that  the  fish  were  not  to  be  got 
in  the  MiDjc  abundance  on  the  old  fishing  grrmnds,  and  many 
did  not  hesitate  to  put  this  down  to  new  methods  of  fishing, 
which  it  was  alleged  destrr»\*e<l  the  eggs  and  young,  or  so 
s^'ar*-'!  t\n'  adults  that  they  left  for  other  grounds. 

My  pr^'vimis  paper  was  an  attempt  to  throw  some  light  on 
^'^-rtaiii  di^ipijted  points,  and  the  paper  whirh  I  now  present  is  a 
^•oijtinnatioii  f»f  this  wnrk.  The  eggs  an«l  larvae  of  some  known 
fi«h*'*»  werf  des^rilied.  and  those  of  M-veral  unknown  fish. 
Arijong<t  th^  latter  were  two  kinds  of  ^gfi[>  whi<^h  were  attached 
to  sh'-lls  and  st<»nf'S,  and  might  thus  l>e  liable  to  destriK-tion  by 
the  ii«^'  of  c«-rtain  nets.  Oiu*  «if  these  kinds,  viz.,  that  design- 
ati'd  as  Spc^'ie*  I.,  now  proves  t<»  ]>e  the  efif[  <»f  a  sper-ies  of  fish 
known  to  fi«»hf'rnien  as  Klip-zuiger.  «»r  Sucker-fish,  a  name 
appli^-d  to  fish  having  a  well-developed  sucker,  by  means  of 
which  it  can  adhere  to  rocks,  etc.  They  ai-e  small,  ami  of  no 
coninicrrja]  value,  so  that  whatever  injury  may  l>e  done  to  the 
egg  by  net-i  or  trawls  is  not  likely  to  have  any  direct  effect  on 
the  fishing  industry.  This  identification  was  made  possible  by 
the  finding  of  several  young  tish  in  different  stages  of  develop- 
ment in  a  tow-netting  made  in  False  Hay  <»n  the  l-»th  t  >ctol>er, 
1898,  the  tr»w-net  l>eing  attached  to  the  l>eani  of  the  trawl. 
The  smallest  of  these  closely  resembled  the  larva  of  Species  I., 
and  the  largest  shf»wed  the  widely  separated  ventrals  with  adhe- 
sive apparatus  between  them  and  the  short  di»rsal  and  anal  fins 
situated  r»n  the  tail,  characteristic  of  the  family  Gobiesocidae. 
The  others  represented  intermediate  stages. 

The  only  member  r»f  the  family  recorded  from  the  Cape  is 
Chorlforhismuji  fl enter,  but  as  the  posterior  half  of  the  ventral 
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disc  m  these  youitg  furms  hus  a  Iree  margin  tliev  caunut  Iw 
regarded  as  belonging  tu  tliis  fish.  Had  they  are  nut  sufficiently 
far  admnced  to  allow  of  niiirp  than  a  refeitjiiue  to  tlie  family 
with  (*rtainty.  They  havf  a  gill  cuver  free  from  the  isthmus, 
and  therefore  do  not  belong  to  a  spei^ies  (appaifully  new)  of 
LepadogaHi-r.  recently  found  in  i'ulse  Bay.  In  view  of  the 
rhararteriatie  oval  eggs  of  tins  last-named  genus,  a  number  of 
eggs  were  I'e-examiued.  In  Part  I.  they  were  deseribed  as 
about  one  mm.  in  diameter.  A  number  of  measurements  show 
that  none  of  Ihera  are  perfeetly  oirtular,  though  some  are  very 
nearly  so,  one  being  1.06  x  .E(H  mm.,  while  others  varied  fnint 
a,himt  this  to  l.;17  x  .97.  In  most  of  these  eggs  examined  tlierti 
was  also  one  oil  globule  from  .17  to  M  mm.,  and  the  space  be- 
tween the  eggs  was  less  than  in  the  case  of  those  first  ex- 
amined. In  the  fresh  egg  there  was  no  evidem-e  of  a  fila- 
mentous fringe  round  the  basal  part  of  the  egg  capsule,  tliniigh 
simie  preserved  in  formalin  showed  radial  striae  with  an  irre- 
gular Iwrder. 

The  ideutifii'ation  of  the  other  demersal  egg  (Species  11.) 
found  has  not  yet  been  possible,  but  several  specimens  were 
again  procured  in  di-edging  im  rough  ground  in  False  Hav  in 
the  month  of  November.  That  they  belong  to  a  fish  of  small 
ilimensions  seems  probable,  as  they  have  been  on  more  than  one 
occasion  found  inside  an  empty  barnacle  shell,  the  opening  of 
which  was  small, 

Several  new  eggs  and  larvae  of  fishes  have  been  found  in 
tow-nettings  made  chiefly  off  ('iip<'  Point.  These  I  have  di'- 
aigiiated  piovisionaily  Speiies  XI. -XX.  They  are  all  pelagic 
or  floating  eggs,  and  tlu'  adults  to  winch  they  belong  have  not 
yet  been  discovered.  The  diuu'nsions  of  the  egg  and  the  char- 
acter of  the  larva  of  Species  XI.  are,  however,  so  similar  to 
those  of  the  flat  fisih  Ariiti!i!r,.<.'its  nf  Kuropean  waters  that  there 
IB  n  strong  probability  that  (hey  belong  to  a  species  of  Aiim- 
fflofsiix  recently  found  in  the  course  of  the  work  of  the  Govern- 
ment steamer,  and  described  by  Mr.  Boulenger  us  ,1.  voptnfin. 
Species  XVI.  is  remarkable  on  account  of  the  peculiar  gela- 
tinous-looking envelope  by  which  it  is  surrounded.  The  total 
Jiameter  varies  from  1.91  to  1.7  mm.,  and  the  egg  pniper  from 
1  to  I.Oti  mm..  BO  that  the  envelope  is  about  a  little  less  ihau 
I  mm.  in  diameter.  The  outer  surface  is  marked  off  into  con- 
■cave  p<dygonal  facets.  A  single  oil  globule  is  present.  This 
sennis  mit  unlike  an  egg  described  by  ItalTftele.  and  ascribed  by 
hiui  to  the  genus  Mniiiini>,  on  account  of  its  general  re- 
semblance to  the  ovarian  egg  of  M.  riirh}ryn<-hut,  described  by 
Costa.  That  they  are -iiol  the  eggs  of  at  least  the  two  most 
common  of  the  species  of  M,i>'ninii  which  occur  at  the  Cape  is 
appai-ent  from  what  follows. 

Manv  specimens  of  }f<i,-niiiii  fiifciatu*  have  I)een  procured 
'during  the  recent  work  <if  llie  Cape  Government  steanier  in 
the  deeper  waters  off  Cape  Point.     On  one  occasion  only,  how- 
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ever,  was  a  ripe  female  ffot.     This  was  one  of  684  specimena 
brought  up  in  the  trawl  from  about  100  fms.,  14  miles  off  Cape 

Point. 

The  eggs  procured  were  clear,  homogeneous,  and  floated 
on  tlie  surface  of  the  water  in  which  they  were  placed.  They 
were  of  a  fairly  uniform  size,  ranging  from  1.15  to  1.06  mm., 
the  oil  globule,  which  was  yellow  or  red  in  colour,  being  from 
.29  to  .27  mm.  The  vitelline  membrane  was  thick  (about  .02 
mm.),  and  marked  in  a  very  distinctive  manner.  In  some  cases 
the  markings  appeared  to  be  separate  dots  oiiTyv  but  these  were 
seen  in  many  to  be  connected  by  fine  hyaline  lines,  so  as  to 
form  polygonal  markings  on  the  surface  of  the  egg.  The  dots 
themselves  were  seen  under  a  higher  power  to  be  small  con- 
necting  pillars  between  the  outer  and  inner  surface  of  the  vitel- 
line membrane,  (hi  another  occasion,  while  trawling  39  miles- 
off  Cape  Point  in  310-560  fathoms  of  water,  one  ripe  female 
out  of  145  specimens  of  Macrutux  imralleliis  was  found.  The 
eggs  proved  to  be  of  exactly  the  same  general  character  as  those 
of  J/,  fasciatus,  but  somewhat  smaller  in  diameter. 

There  is  a  peculiar  problem  in  connection  with  the  eggs  of 
deep-sea  fishes.  It  is  well  known  that  when  brought  up  from 
great  depths  deep-sea  animals  suffer  considerable  damage  from 
the  great  difference  of  pressure.  With  the  exception  of  some 
eels,  which  for  a  few  minutes  retained  some  sign  of  life,  all 
the  deep-sea  fishes  procured  by  the  Pieter  Faure  were  quite 
dead  wlien  brought  on  deck.  Where,  then,  are  the  eggs  de- 
posited? If  they  float  to  the  surface  will  they  not  suffer  the 
same  fate  as  the  fishes?  To  settle  this  point  it  is  of  import- 
ance to  examine  the  tow-nettings  for  any  eggs  similar  to  those 
above  described.  During  the  time  the  Pieter  Faure  was  en- 
gaged in  deep  water  work  off  Cape  Point  none  of  the  surface 
low-nettings  were  found  to  contain  any  eggs  at  all  correspond- 
ing to  these,  but  on  four  occasions  (me  or  two  eggs  procured  in 
the  tow-net  attached  to  the  beam  trawl  exhibited  all  the  charac- 
teristics described  above.  The  polygonal  markings  were  very 
distinct,  as  well  as  the  connecting  columns.  They  were  pro- 
cured at  a  distance  of  from  8  to  47  miles  off  Cape  Point,  in 
depths  ranging  from  91  to  about  1,000  fathoms.  They  varied 
from  1.07  to  1.15  mm.  in  diameter,  with  one  oil  globule  from 
.25  to  .3  mm.,  measurements  which  are  so  similar  to  those  of 
the  eggs  of  Macruru.s  faseiatu.s  that  there  is  no  reasonable  doubt 
but  that  they  belong  to  this  fish.  The  manner  in  which  they 
were  procured  seems  on  the  whole  to  point  to  the  fact  that 
their  natural  place  of  occurrence  is  at  or  near  the  bottom  of 
the  sea.  As  against  this  supposition,  however,  we  have  to  bear 
in  mind  that  the  eggs  when  procured  from  the  ripe  female 
floated,  and  that  the  bottom  net  was  not  a  closing  one.  Neither 
of  these  (considerations  are  conclusive,  however,  as  the  fish 
from  which  the  eggs  were  procured  had  been  brought  up  from 
a  depth  at  which  there  must  have  been  great  pressure,  and  the 
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eggs  under  these  new  conditions  of  diminished  pressure  might 
iloat.  Again,  as  against  the  second  objection,  we  have  to  con- 
sider that  on  none  of  the  four  occasions  in  which  the  eggs  were 
procui-ed  were  any  found  in  the  surface  tow-net  which  was  in 
use  at  the  same  time.  The  question  can  only  be  satisfactorily 
settled  by  the  use  of  a  closing  net. 

The  eggs  of  a  very  common  fish,  the  *'  Panga  "  (Pagrus 
laniarius,  C.  and  V.)  have  been  procured  from  the  female,  but 
later  stages  have  not  been  observed.  They  vary  from  .9^5  lo 
1.02  mm.  in  diameter,  and  contain  a  single  oil  globule  .19  mm. 
in  diameter. 

The  ripe  eggs  of  Stromateus  viicrochiruSy  Bonap.  have  been 
secured  and  fertilized.  They  contain  several  oil  globules,  and 
vary  from  .81  to  .86  mm.  in  diameter.  The  larva  is  short  and 
stumpy. 

(hi  one  occasion,  while  trawling  in  False  Bay,  a  ripe  male 
and  female  of  the  "Horsefish"  (Agnopux  sphnfer,  Gxinth.) 
were  found,  and  fertilized  eggs  secured. 

A  deep-sea  fish  which  was  procured  proved  to  be  the  adult 
of  Catacty,r  Mesmieri,  The  eggs  were  mature,  and  curiously 
enough  were  of  the  deep  red  colour  characteristic  of  many  deep- 
sea  animals.  The  most  noteworthy  feature  was  the  presence  o£ 
embryos  amongst  the  eggs,  thus  proving  that  the  fish  is  vivi- 
parous. 

The  eggs  of  another  fish  were  procured  in  fair  abundance^ 
and  when  hatched  out  proved  to  be  those  of  a  Scombresox, 
specimens  of  which,  in  various  stages  of  development,  were 
found  in  tow-nettings  along  with  them.  The  eggs  did  not, 
however,  have  the  peculiar  filaments  characteristic  of  those  of 
Scowl) re.u)jr  saurus,  which  is  reported  to  occur  in  South  African 
waters,  but  had  merely  a  number  of  minute  dots  closely  placed 
over  the  whole  surface  of  the  egg. 
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-Liy.  Ri2-isLr — Lit/4 

->>•»>  --.ft  -  Aifi  a  prKaiiKti  *!>*t!rL  -iiiAl  H  :99er*&i7Cisaimed  car  ot 
^•>/>*;  l'-r»,  '.aptt«trTT  AHii  ;k  •-AT't  '>t  ^^k^}  IW.     T^  irst  w^re 

A^r.:  •••  r.^f- r**-  'iijwe  *rTiTi**i  ii  wa*  iceiL  •jl**  duty  w«>«Id 
z.'\\  z:j-rirz  'ijr2ia-*i*,  a&»i  <r*iMr^  "wtz^  pL^?«ti  ior  L25c*  Biore  k^e 

fit  ♦•?--.' T-.rvk*  -Hr*:*:-!!*  wi-^.'t.  A  •!--fcD<^:TT  vf  7*L»-».M>  Ibif.  jjijd  a  ran? 

*ri  '>,»-i!T*>  >r* .  -B-jii^  rLr-  la*r  2'V»  wv-rir  •>!  pr^wwHi  ««"L  witk  a 

Trri.:/  1-r*  Tr^r-r  :r..i-rE.*r»i  f^'r.  !•-•>  WiiLg"  \t  *rr^-:nral  jei^o&5  and 
l-»  '-t  pr*r*-M^i  ^^ir*-!,  kavfiL^  a  *!apa*c:Ty  -^f  <x«j>»>  tl»-  aad  a  tare 
of  '''^'iJf9}  Ifj*.  Tt«5r  p€rrcirr.?af»'  of  psfcyiiir  I*^*d  \^  tare-  lia$  thu* 
fc*r*-ri  ir.*  r«-«*'?eii  from  66  pier  •-^eiit..  ie.  ;•L•^  ►^^a-?*?  •>!  ZJLS.M.  «ttiek, 
to  77  ^r  '-^nt-  :ii  tfce  latirr  ^yp^- 

A*  :•  I*  th'^-HirLf  wiB-  f:-aii.  improve  «till  rank^^r  <>ta  these 
fig^r*->*.  an<i  a*  it  La*  b^^n  i»»an'i  tLar  tLene-  L*  very  little  deflec- 
x\ttu  '-T*-!.  wit*,  a  Iv«a»i  ••£  !•>>  t'»ii!i  pat  in  with  vehiele*  only 
Ij^flf^i  rip.  :r  !■•  n*^»w  prr»pr»j4>«i  i*.  baild  a  wa«^:»n  with  a  capacity 
of  <>.<»••  lf#*.  arid  a  tar^  of  :;2J>"»K»  lb*..  >••  de^ijgraeJ  as  to  carry 
a  I'-^'i  *  i  IM>/*«J  lb?.  wL«^r»r  the  N>  lb.  rail  permit*  an  increase. 

If.  ar.'i'-ipation  of  an  in-rease  *A  Wal  tralfir.  «^her  designs 
for  4-'*-;.*-*']  •?'-^-k  have  Ij^f-ii  pr»-par>-»i.  with  tare  *>i  lo-500  lbs., 
ari'i  !'<i'i  4  J.-Vi^l  U^. 

P^j'-^r.^r^-r  fraffi*-  i*  ♦•:  tw*»  k:n»l>  I»»ne-*h>ran«-e  throufrh 
?rji:f>-  a!:'i  .'r'-a!  or  •ubarhnir.  tratfi* . 

T.',*-  •t^'^k  ir.  hari'i  #iMr:L.jr  tK*-  milititry  regime  ct»n<i*led  of 
«»h'»!'^  4-w!j^'<-:  r-r.ar  h*-i»  <  f  \\v\*'  value  ai^d  ^--mr  IW  b«^e  coache? 
of  var:oti«.  patr^rri*  up  rt.  .>3  fr-^^t  in  leneih.  the  weig-ht  of  these 
**i'^t\\t'*  work^*<l  '»ut  rf»*ig!ily  f*»r  a»«-Mmm«««iaTif»n  to  aK^nt   l.-M^^ 

Whi:*'  *till  a  military  i-oiii-f-m.  a  number  of  m^xlem  bogie 
/  rijff'h*.-.  0^»  f^'^-t  in  length,  with  all  p^i'isible  louvenieni-es.  such 
;,•  i'\t-tM\{  liirljt  an«l  fan*,  hot  an<l  c<»lil  wat»*r  baths,  steam  heat. 
ftill  v< -tihulf*-.  <tr-.^  w^re  «»r<leretl.  as  wt-ll  a>  s<^me  55  coaches 
\fti  \u*'A  •/•rvir-e. 

It  i^  intf-r*'*tinjr  to  know  that  th*-.-  vehiiles  have  been  much 
'At\\\\\\^-i\  by  Knjrli^li  exm-rt'*  anrl  are  sure  to  in*  i^-as*-  the  comf«»rt 
of  trav^-llinjr  in  South  Afrira. 

To  piovi^le  frir  traffir-  alonu  the  T{an«l.  a  numl>er  of  siil>- 
urban  '  oa<li^*  witli  sirh-  do'»r?»  wi-re  onlere«K  with  ♦iO  ft.  frames 
and  hofli*  .*  f>  ft.  1  in.  wirl»-  c»ver  inouMing>.  anil  trains  eonsistiiig 
of  Jay.  buff«'t.  and  bajrjrage  ears  for  the  Pretfuia-Johannesbiirg 
jjerv'irf  werf  arranged  for,  and  are  now  under  weisrh.  The  side- 
dfKir  roarlie*i  earrv  as  manv  pass<*ngt»rs  as  eieht  old  Z.A.S.M. 
fihortH.  and  weiirli  about  1,000  lbs.  per  seat. 
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Uf  niiscellaDeous  veLicIes,  50  enaches  for  convejfince  o£ 
Kuffirs  have  beeu  ordered,  and  the  (dd  stock  of  cranes  oaa  beeu 
ini;i'eased  and  improved  by  the  provision  of  one  20-ton  hand 
crune,  four  15,  two  lU,  and  four  5-ton  cranes. 

All  stuck  is  fitted  with  vafuiim  brake,  and  all  new  passenger 
vebii'lt's  with  autonuilir  t-oiijdings. 

It  ia  natiind  that  l!ic  increase  of  traffic  Hhould  have  thrown 
a  heavy  strain  on  ihe  li'iiniiulive  stock,  and  the  chief  trouble 
has  been  nniler  this  heiid.  Some  ZiO  locomotiveR  of  some  12 
different  designs  formed  the  stock  with  which  the  railways 
s1art<i'd  work  as  a  system :  not  one  of  those  designs  could  be  called 
satisfactory  in  respect  of  power.  The  tractive  force  of  the 
Jiethetlanas'  and  Free  State  enginea  waa  ID, 000  lbs. 

The  first  engines  to  be  obtained  were  six  Australian  tank 
engines  then  available  in  Great  Itritaiu,  and  some  Rhodesian 
Hud  Cape  Tth  class  locomotives  were  put  to  work  of  a  tractive 
force  of  about  IJO.OOO  lbs. 

These  were  followed  by  15  of  the  much-debated  "  Reid  "  10- 
wheel  coupled  engines,  tractive  force  ^4,000  lbs.,  and  whatever 
may  be  aaid  of  these  engines,  no  one  can  deny  that  they  saved 
the  sitmition,  ami  rendered  possible  an  immense  improvement 
in  the  gfKuls  and  coii]  services.  Without  them,  1  am  afraid  to 
BMV  wliHi  would  liiive  been  the  result:  it  is  interesting  to  note 
that  they  take  the  same  loud  lliat  was,  up  to  their  arrival, 
buuled  by  two  of  the  original  classes,  and  so  far  no  later  engine 
has  exceeded  them  in  tractive  force. 

There  was  every  appearance  of  traffic  developing  rapidly, 
and  11  further  20  Reid  engines  wei-e  obtained,  as  well  as  40  8th 
class— an  excellent  goods  tvpe,  of  a  tractive  force  of  28.000  lbs. 

When  the  Civil  Government  took  over  the  lines,  60  more 
8th  clasii  were  added  Ui  the  stock.  In  the  beginning  of  lOO^i 
the  cjuestion  of  passenger  engines  began  to  be  discussed;  S  tank 
Gugiues  and  4  passenger  engines  were  ordered,  and  it  is  probable 
Ihttt  these  two  latter  classes,  with  the  8th  class,  which  they 
duplicate  in  moat  porlicnlnrs,  will  represcTit  the  three  standard 
desiinis  for  60  lb.  rail. 

Snbsc(|ucntly  the  riuesiion  of  iniTeasing  the  weight  of  rail 
raiuc  nuder  diacnssion,  and  designs  for  engines  to  take  full  ad- 
vantage of  the  SO  lb.  rail  have  been  worked  out.  and  :i5  engines 
are  under  conslmclinti    iif  a  tractive  force  of  nearly  119,000  lbs. 

It  is  inlcicstiiig  to  note  that  the  latest  Central  South  Afri- 
can Railways  giniiiw  iiud  passenger  enginea  have  higher  Irai five 
force  Ibaii  any  Knijlisli  engine  at  work  up  to  six  months  ago. 

To  the  grcal  piiigr<'ss  id  the  science  and  economics  of  com- 
uuiliication  d<'  w  (iininlv  owe  the  exiranrdinarv  advancement 
of  -nir  South  African  Colonics  during  the  last  few  years,  and 
lo  continued  improvemeni  of  communications  must  we  look  for 
&  large  measure  of  the  succeases  agricultui-.il.  industrtal,  or 
mining-  tn  l)e  achieved  in  llie  great  future  undoubtedly  re- 
served for  these  com  muni  ties,     We  muat  look  tn  the  econnniica 
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oi  LauJajre  and  the  aims  wLicL  science,  as  weU  as  human  endea- 
vour ami  intellect,  can  give  us  to  attain  thoae  r^s^t^l.^Z 
h!v!r^':  '^'''  '"  "'^'^  """'•>  '^^^^^^^^^  ^""^  personal  in1e«^t  of  the 

Tli^r  battle  of  the  gauges  so  keenly  fought  has  for  the  pre- 
^.M  Wj,i  ^-ttlc^l  fo,  Sriuth  Africa.  Are  we  doin^  the  £L^ 
can  with  what  has  Wn  pasw^l  down  to  us:  if  not? how  far  can 
we  go!"  In  njy  review  I  propose*  to  confine  myself  to  an  ontline 
of  the  nrogress  of  eronomical  haulage  in  the  two  new  C  olonies, 
in  which,  however,  we  are  working  hand  in  hand  with  our 
nejghtiiMirs  towards  a  common  result.  I  will  leave  aside  for  the 
nioriient  the  question  of  the  haulage  of  passengers,  to  treat  of 
the  more  important  subject  of  the  haulage  of  goods.  The  eco- 
nomical haulage  of  giKnls  depends  mainly  upon— 

1st.      The  capacity  of  the  locomotive  engine. 

2nd.     The  dimensicms  and  tare  of  the  wagons. 

•h'd.     The  nature  of  the  design  of  the  railways. 

4th.     The  interest  payable  on  capital. 

The  Loccmiotive  Engine   is   the  decisive   factor   in    all    the 
others.     Prior  to  the  war  the  power  of  the  locomotives  of  these 
railways  was  equal  on  a   1  in  100  grade  to  about  oW)  gross  short 
tons.     During  and  since  the  war  the  capacity  has  been  increased 
to  about  7'30  tons,  and  with  the  engines  now  im  order  the  gross 
load  will  reach   1,000  tons,  resulting  in  the  production   for  a 
•3  ft.  G  in.  gauge  of  a  machine  equal  in  power  to  any  standard 
gauge  engine  ordinarily  employed  in  goods  traffic  on  the  rail- 
ways of  Great  Britain.     With  this  machine  it  w(mld  seem  that 
our  limit  has  been   reached   for  (»ur  gauge,  for  the  centre  of 
gravity  cannot  go  higher.     We  have  now  exceeded  in  this  re- 
spect the  safe  limit  of  twice  the  gauge.     Possibly  the  load  may 
be  increased  by  the  use  of  double  engines  of  "Fairlie^'or'-Kitson- 
ileyer''  type  to  more  than  th(»  1,000  tons,  but  we  have  i*eaclied 
the  limit  for  one  driver  and  fireman.     The  engine  weighs  some 
riO  tons,  and  to  work  it  (efficiently  demands  a  rail  of  at  least 
80  lbs.  to  the  yard,  with  an  increased  numl>er  of  slee[)ers;  so 
much   for  the  governing  factor.        All   otlier  charges   are   de- 
pendent upon  it,  and  their  improvement  oi  alleviation  will  from 
time  to  time  fix  the  lowest  rate  at  whicli  a  ton  can  be  hauled 
one  mile.       That  what  seems  to  be  oui-  limit  in  engine  power 
should  have  been  reached  is  perhaps  not  consolatory,  but  that 
it  should  have  been  attained  so  (|uickly,  by  doubling  our  power 
in  less  than  five  years,  and  reaching  (m  a  narrow  gauge  such  a 
high  standard,  is  a  matter  for  congratulation,  and   deserving 
recognition    of  the    merits   of    our    locomotive    encrineers    and 
management.     It  shows  that  the  capacity  of  our  lines  on  the 
basis  of  our  old  power  can,  without  doubling  any  lines,  l>e  in- 
creased 100  per  cent,  in  the  future,  thus  leavincr  a  large  margin 
for  gradual  development  to  that  standard,  with  ever-increasing 
economy  of  haulage. 


lMPllOVEME5rTS    IX    RoLLING    StOCK.  329 

Goods  Stock. — ^When  the  railways  of  the  new  Colo- 
nies  were  taken  over  the  bulk  of  the  goods  wagons  weighed 
«bout  6  tons,  and  carried  about  12,  constructed  mainly  of  built- 
up  steel  frames  with  wooden  bodies.  During  and  since  the  war 
a  carrying  capacity,  equal  in  tonnage  to  what  existed,  has  been 
added.  The  new  stock  has  been  entirely  steel,  29,000  lbs.  to 
oarry  60,000;  31,000  to  32,000  to  carry  70,000;  and  35,000  to 
carry  85,000. 

There  has  not  been  a  very  noticeable  increase  in  the  pro- 
portion of  dead  weight  to  carrying  capacity,  but  manifold  ad- 
vantages in  haulage  have  accrued.  The  load  of  the  latest  type 
of  engine  on  a  1  in  100  grade  will  approximate  1,000  gross 
tons.  With  the  old  stock  55  wagons  would  have  been  necessary, 
some  1,200  feet  in  length  of  train  andj)n  220  wheels,  the  dead 
weight  reaching  some  330  tons.  With  the  new  stock  some  19 
wagons  would  be  necssary,  of  a  length  of  about  650  feet  and 
on  76  wheels,  the  dead  weight  reaching  300  tons.  Leaving 
aside  the  difficulty  of  maintaining  an  efficient  vacuum  on  the 
brakes  of  55  wagons,  consider  the  economy  of  curve  and  grade 
resistance,  maintenance,  and  repairs,  can  it  be  denied  that  the 
results  will  not  all  tend  towards  efficient  train  service  and  eco- 
nomical haulage  in  the  future? 

So  much  for  the  general  details  of  our  improvements.  Now 
for  the  principles  by  which  we  have  been  and  are  being  guided, 
and  the  reasons  for  this  doubling  of  tractive  power  and  trebling 
of  the  capacity  of  goods  wagons.  The  results  attained  are 
such  as  to  give  confidence  as  to  the  future  possibility  of  eco- 
nomical haulage,  in  so  far  as  train  load  is  concerned.  There 
are  two  further  points  to  consider,  which  also  influence  to  a  cer- 
tain degree  the  ultimate  success.  Geographical  distance  does 
not  necessarily  mean  the  cheapest  route.  We  must  and  will  see 
in  a  thorough  examination  of  the  relative  rise  and  fall,  curve 
and  resistance,  and  climatic  condition  what  the  value  of  our 
liaulage  is  by  the  different  routes. 

The  Nature  and  Design  of  the  Railway  is  one  of  the 
factors  in  haulage  not  to  be  lightly  considered. 

Finally,  we  have  the  question  of  the  interest  on  capital, 
depending  upon  two  factors — first,  the  cost  of  our  works  in  situ, 
dependent  upon  economical  methods  and  the  price  of  labour; 
second,  the  cost  of  our  materials.  Rails  and  their  accessories 
are  a  fixture,  but  I  am  not  at  all  certain  that  we  may  not  look 
to  economies  in  the  cost  of  our  rolling  stock.  We  have  larjrely 
adopted  pressed  steel  stock.  It  would  appear  to  me  that  insuffi- 
cient attention  has  been  paid  to  the  construction  of  steel  trucks 
straight  from  the  rolls  or  dies — namely,  the  possibility  of  their 
being  assembled  whilst  still  hot.  Going  even  further  it  is  im- 
practicable to  imagine  the  assembling  of  frames  and  sides  in  a 
heated  condition  in  such  a  manner  as  to  obviate  the  necessity 
of  excessive  rivetting.  The  hubs  of  our  spoked  railway  wheels 
formerlv  necessitated  the  formation  of  some  20  welds.       The 


330  Report— 1904. 

latest  process  presses  the  entire  spoked  hub  whilst  still  hot  in 
one  process  without  a  single  weld.  Similarly  with  locomotives 
it  would  seem  that  the  application  of  similar  principles  might 
lead  to  economies  in  the  construction  of  tenders. 

Gentlemen,  the  title  of  my  few  remarks  would  have  in- 
ferred dry  details  of  the  improvements  to  our  rolling  stock  in 
South  Africa,  but  these  improvements  are  bound  up  with  the 
principles  of  economic  haulage,  which  I  have  roughly  outlined 
to-day  in  order  to  show  you  the  lines  on  which  these  railways 
are  working;  on  their  success  will  depend  to  a  large  extent 
the  development  of  the  industries  of  South  Africa. 

Railway  rates  may  be  necessarily  used  for  taxation.  On 
this  matter  I  have  no  comments  to  make,  but  it  surely  behoves 
us  to  use  every  scientific  endeavour  to  carry  our  goods  at  the 
lowest  possible  figure,  laying  thus  on  the  governing  power  the 
duty  of  lowering  such  rates  for  the  general  benefit  ana  develop- 
ment of  the  country. 

In  addition  to  our  policy  of  high  development  of  goods 
carrying  capacity,  we  have  been  rightly  called  upon  to  improve 
our  passenger  services.  Our  local  inheritance  in  passenger  car- 
riages was  not  a  rich  one.  To-day,  however,  with  the  standards 
adopted,  our  railways  will  be  enabled  to  compare  more  than 
favourably  as  to  passenger  stock  with  any  lines  in  the  railway 
world. 

These  are  not,  however,  economies,  except  in  the  induce- 
ment to  travel,  which,  \n  so  far  as  our  own  lines  are  concerned, 
has  amply  justified  our  expenditure. 

Gentlemen,  it  has  not  been  possible  for  me  to  go  into  the 
details  of  improvement.  On  each  and  every  heading  I  have 
mentioned,  much  might  have  been  said  ooverincr  a  wide  area  of 
scientific  engineering  inquiries.  It  will  perhaps  be  possible 
for  some  of  our  many  eminent  E  ail  way  engineers  to  amplify  my 
poor  outline  of  progress  at  some  future  meeting.  In  fact,  a 
duty  remains  with  them,  for  I  feel  sure  that  much  of  the  future 
success  of  this  portion  of  our  Empire  is  inextricably  bound  up 
with  the  question  of  the  economical  and  scientific  treatment  of 
railway  communication. 
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FARTICULABS  OP  WAGONS. 


Lb».  Load 

RaUway. 

CUs.1. 

Capacity. 

Tare. 

per  Lb. 
Tare. 

BOOIE. 

C-8.A.R. 

Hiirh  Silled,     Stmutiir&l  Section      ... 

60,000 

29,600 

2.03 

Q.N.R. 

High  Sided       

67,200 

.18,080 

1.70 

C.S.A.R. 

ConI  Hoppar.    Steel,  American  build 
HvU  SiiJd       ...        

B0,000 

28,100 

2.13 

Q.C.R. 

67,200 

30,900 

2.17 

MR. 

High  Sided       

67,200 

^300 

2.39 

CR. 

HiRh  Hided       

67,200 

28,600 

2.34 

C.S.A.R. 

High  Sided.    Structural  Section      ... 

70,000 

30,268 

2.21 

C.S.A.R. 

Coal  Hopper.    Siructurai  Section    ... 
High  Siied.     Pressed  Steel 

83,000 

39,808 

2.13 

C.S.A.R. 

70,000 

2»:i00 

2.40 

N.B.R. 

Coal  Hopper 

89,600 

38,200 

2.47 

C.8.A.R. 

Coal  Hopper.    Preyed  8 teet 

85,000 

36,500 

2.33 

P.R.R, 

Coal  Hopper     

100,000 

.19,000 

2.56 

C.S.A.B. 

Coal  Hopper.    (Proposed)      ... 

100,000 

38,000 

2.63 

P.  &  L.E. 

Oondola 

90,000 

33,500 

2.63 

C.S.A.R, 

High  Sided.  (Proposed  for  80-lb.  Rail) 

100,000 

35,000 

2.86 

L8.R. 

Hich  Sided       

:«,960 

16,8011 

■2.2 

O.N.R. 

High  Sided        

44,800 

18,480 

2-42 

G.W.R. 

High  Sided        

44,S0O 

19.040 

3.36 

as.A.R. 

HiKi  Sided.    (Proposed)       

44,000 

15,500 

2.S3 

Ul  ■ 


24.— DIAMOND  DKILL 
PEOSPECTDiG  BY  DBELLS. 
By  G.  a.  Detst. 
tPIaies  XV— XXrnL> 

Ii  lias  fiftHen  lo  ike  lot   of  die   writer  to  prcsnt   to 
AzssoeiatiiHi  some  notes  on  the  opermtiooL  of  i^ospeetiBg'  by  tlie 
^d  of  machine  drills. 

Maekine  driDs  tor  prospeetzn^  purposes  ka^e  IxcoMf  a 
reeonised  inedia  tor  tlie  pnsteuxiom.  of  researtlt  im  t&e  kidden 
deptks  oi  tke  eartk.  wketker  tke  object  of  tkat  researek  be 
parelr  seie&tiiie,  as  in  tke  Xile  boriii^Sw  or  wketkcr  for  tke 
BLOce  sordid  porpoee  of  loi^tiii^  metaZiferoos  and  ocker  depositi' 
of  eeo&'MEiie  xaloe  as  in  tke  gold  aad  otker  proepeetnig'  boriBg« 
in  tke  TraasTTkftL  Tke  eiapIo3ni&e&t  i>i  i^oisperaB^  driDs  fm* 
tke  •wlleetfoa  of  porely  sefectili'r  da*a  fsw  kowercr.  qvite  imfimi- 
teisoial  in  degnee  wkesi  <»>ss.piftred  witk  its  raiLge  •>f  applicadom 
to  tke  !!i*>re  s»r«iid  and  prKti^ral  es.ds  r.am^L  aaid  I  will  tkeiCK 
fore  cocjrae  wlj  remark  to  »iis  STb;e»:t  fr:st  tke  latter  ^Fpe»!t. 

Tke  praeti^e  of  drilliar  to  rreas  deptk§  kass  beem  obIj  com 
paratrvelT  rdeeiitlT  in  fea.er:il  Tv«^|nBe-  Be5:re  tke  year  1510-  f*> 
far  as  ike  writer  is  aware.  il'>  Krriax*  *o  *rrea;:er  ^raiiks  tkaa 
2&0  ft^  Lad  beea  attempted.  T\e  in-iis^rial  ^^xfry  im  tke 
eottl  reiric-a  of  IVnmsy^taaia.  k«c^we^rer.  laLCTi^ed  tke  searrk  f^^^ 
ik*  ^trcL'diLiati'va.  of  ccal  ieasLS  ki-rwi  :c  W  oTtvrr^ppcm^  at 
difdixi  ^^ii-a^  iajd  as  a  !>:asec'»«L«ce  tke  irs:  deec  dr£H  keSe  w»? 
pr^r^ectec  axe  rArrSeii  i=t»!tfess«nZT  ikrr'H^i.  Tke  'SippJik  of  tkis 
ir?^  -Sf^T  i.'l't  w;k«-  ^LiriTlj  -rTifr  Tof*  fr.  Tzrt  -fi^riiiyf^r  wk-^  -J?- 
s^Ti**i£  :i?*  ^LJi^iixe  xufi  z-kI^  f :r  li.is  ▼-:-•£  w^t*  :!?*  Ikie  M.  C 
BtZ* :•!■£-  :i  Oai-rM-:-  a  ttat  wi:  r^liTv^i  jjl  i2Lr»:r'»3:t  Mr;  ii 
ftt^TZLT  'ii^  ^sxia-ferixT  rrr'rv-f^L^  :i  iri^lixr  xiTil  i5s  -SpATi  1^ 
li&K  iJji  wa:t<e  lAT!**  i>  A  irxs^i-Li  ▼- ri  ii  -^^^tj  nixiiir 
^rm  TT  TT  -T^  Ti«*  WT-T«»r  Wis  rcrr-.j^-jp**!  --  -j3.*i:rL4T^  i»'*:" 
ax* re  wr.x  Mr   BxZ'X'i.  jj>£  -fTLrci^^fs  li:*  'corcTrxirr  r-f 


T.:  i_  :_is*5*fs  :z   >J7«'««c.-      x    r   .i»f  tiitt*"*?*?^     r  "^.>  TU3**r  *i**i!»f 

*;-:  iZ  3fT«:»*e~s  f:a:>£  ix  xi-xrf.  :i.f  ti.  sc  :*:a>..sT?a'L:x  rftrt- 
Iat  iTJ  -!•:»?*?  zLrLX»£»f£  .x    -i»f     r^-£!r:r~      i    >r-*j.-_i»f^£     Sf^.-isiis^ 

i:  li*  <skXL»f  '-TM  isii*^  ■ra•:~:>^^.xx  ?-.-^'v>.  i.ii   >  .i»>f*fi  ix-^^ruLTfcTue 
friOL  zbji'TL      -.i-:s  frcTL  :>  T77^.i^f♦*   rr   :'.ii£  Ti»f j.->xt^Sv  irriLss^nue 
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or  igneous  origin,  in  the  former  as  iufiUrations  or  exfiltrationfl, 
aud  in  the  latter  irequently  aa  segregations. 

Alluvial  deposits  represent  the  geologically  recent  erosion 
iragiuents  of  more  ancient  rocks,  and  are  from  their  nature  less 
permanent  than  the  other  deposits  named. 

From  a  prospecting  standpoint  there  can  be  no  question 
that  the  iHumond  drill  is  of  greater  general  application  in  de- 
posits of  the  first  class  named  than  in  deposits  of  the  second  or 
third  class  mentioned,  for  the  reason  that  stratified  deposits 
cover  greater  areas;  have  more  permanent  relationship  to  the 
eeueral  stratigraphy;  aud  are  more  regular  in  character.  It 
follows,  therefore,  that  the  establishment  of  a  valuable  deposit 
at  any  point  within  a  sedimentary  area  of  given  horizon,  indi- 
cates the  probability  of  meeting  with  similar  conditions  at  other 
noints  within  that  area,  and  therefore  a  wide  field  is  opened 
for  the  systematic  application  of  the  diamond  drill. 

It  is  otherwise  with  irregular  deposits.  These  are,  as  the 
name  implies,  precarious  both  as  to  location  and  value.  They 
may  be  rich  and  approximately  regular  in  one  description  of 
rock,  aud  commerciallv  valueless  iu  an  adjoining  rock  of  a 
different  class.  In  such  cases  no  defined  programme  of  drilling 
over  large  areas  is  warranted,  although  in  restricted  localities 
the  diamond  drill  may  Ije  invaluable  in  locating  rich  bunches 
or  pockets. 

In  alluvial  deposits  the  drill  will  locate  the  extent  and 
direction  of  a  deposit  already  known,  but  the  generally  patchy 
nature  of  the  alluvial  does  not  satisfactorily  lend  itself  to  a  pro- 
gramme of  drilling  over  wide  and  unknown  areas. 

The  obvious  deduction  from  the  foregoine  remarks  is  that 
the  conglomerates  of  the  Transvaal  are  peculiarly  favourable 
subjects  for  exploitation  by  diamond  drul,  and  the  immense 
range  of  boring  operations  iu  this  country  proves  that  engineers 
Bare  not  been  alow  to  avail  themselves  of  the  special  facilities 
offered. 

In  the  early  history  of  the  Witwatersrand  there  was  natur- 
ally a  legitimate  conservatism  amongst  leading  engineers  on  the 
subject  of  the  permanence  of  the  conglomerate  deposits,  as 
although  deposits  which  the  writer  believes  to  be  of  similar 
nature  had  been  worked  in  the  Black  Hills,  Dakota,  U.S.A., 
there  was  very  little  general  experience  as  to  their  character. 

Consequently  the  idea  of  prospecting  the  deeper  levels  by 
diamond  drills  suggested  itself  as  a  method  of  proving  the  con- 
tinuity of  the  conglomerates,  and  in  1895  the  first  deep  bore- 
hole was  located  about  5,000  feet  south  of  the  Main  Reef  outcrop 
in  the  Meyer  and  Charlton  Mine.  The  average  dip  in  the  upper 
^rorkings  of  the  Meyer  aud  Charlton  is  45  degrees,  and  the 
difference  in  level  between  the  borehole  site  and  the  reef  outcrop 
U  approximately  120  feet  lower  in  the  case  of  the  former.  A 
lonlinunus  dip  of  the  reef  throughout  would  have  necessitated 
Wring  a  hole  4,880  feet  in  depth.      Fortunately,  however,  the 

Irregular  deposits  may  occur  either  in  rocks  of  sedimentary 
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Th«  genenilly  favottn»bli?  n?sults  obrakin^  from  these  bore- 
holes— which  Inoladed  ;i  I^D^fth  on  rhi?  ret?t  of  ^ftpproximately  40 
mile* — set  for  ever  at  ivst  any  viovibc  as  to  the  permanence  of 
the  coag'lo  me  rates  in  depth. 

The  writer  attempted  the  preparation  of  a  complete  list  of 
important  b«:»  re  holes  for  luolusion  in  this  paper,  bat  found  it  im- 
possible to  set?ure  the  uevessary  data  owins:  to  the  fact  that  the 
publication  of  such  information  did  U'^t  at  present  commend 
itself  to  some  of  the  tirms  intereste\l. 

The  first  object  of  diamond  drilling  is  to  secure  from  the 
selected  pi^ition  a  true  :jectiou  of  the  rvvks.  minerals,  metals, 
etc..  which  tojHrether  make  up  the  formation.  The  diamond 
drill  secures  this  to  the  o|H»rator  by  its  capability  of  borinir  a 
continuous  auiiular  ^rwve  iu  rvvks  of  any  hardness,  leaving 
centrally  within  the  irn^ve  a  s^did  sei'tionor  core  of  the  rock 


iassed  through,  which  core  ia  dislodged  and  removed  to  sur- 
ic«  bv  suitable  appliauees.  The  diamond  drill  bores  straight, 
smootti  holes  at  any  angle  from  vertical  to  horizontal,  and  may 
be  used  either  on  surface  or  under  ground.  It  will,  in  quick 
time  and  at  comparatively  low  cost,  prove  the  thickness,  value 
— to  some  degree— and  extent  of  a  deposit,  much  more  cheaply 
than  can  be  done  by  any  other  means,  and  is,  in  fact,  a  prelimi- 
nary to  the  operation  of  development  through  shafts  and  drifts. 

From  the  core  produced  by  the  drill  an  estimate  can  be 
made  of  the  cost  of  shaft-sinking  per  foot,  and  the  total  cost  to 
the  horizon  sought.  Its  use  enables  the  engineer  who  is  en- 
^ged  in  deep  level  mining  to  fix  with  certainty  the  depth  at 
which  the  first  cross-cut  may  be  started  from  the  shaft  to  ihi- 
reef,  and  thereafter  cross-cutting  and  sinking  can  go  forward 
uninterruptedly. 

If  the  information  as  to  the  horizon  of  the  reef  be  not  de- 
finitely settled,  then  there  is  danger  of  miscalculating  the  depth 
of  reef,  owing  to  possible  faulting  or  change  in  the  dip  of  the 
formation,  in  which  case  cross-cuts  started  out  to  cut  the  reef 
in  an  estimated  position  may  prove  to  have  been  so  much  work 
and  capital  thrown  away.  The  data  secured  by  preliminary 
boring  enables  the  engineer  to  figure  closely  on  the  hoisting  and 
-lUmpmg  requirements,  and  will  also  indicate,  if  more  than  one 
ole  ia  sunk,  the  existence  of  faults  of  magnitude  which  will 
have  to  be  considered  in  the  subsequent  development  of  the 
mine. 

The  present  practicable  range  of  diamond  drilling  may  be 
placed  at  6,000  feet  vertical  depth.  At  greater  depths  than  this 
the  practical  difificulties  of  mining  and  the  time  and  expense 
involveii  in  development  and  equipment  place  any  but  deposits 
«f  unusual  regularity  and  richness  outside  the  pale  of  probable 
profitable  working. 

I  propose  in  the  following  pages  to  divide  my  subject  into 
three  main  sub-divisions,  namely:  — 

1.  The  principal  types  of  drills. 

2.  The  operation  of  the  diamond  drill, 

3.  The  cost  of  drilling. 
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SCIPAL  TYPES  OF  DRILLS. 

ine  drills  may  be  divided  into  two  great 


classes,  nameU' :  - 

1.  notary  Core  drills. 

2.  Percussive  drills. 
Rotary  drills  are  most  commonly  employed  in  the  search  for 

mineral  and  metalliferous  deposits  or  horizons,  and  percussive 
machines  are  generally  used  in  seeking  water,  oil,  and  such-like 
strata. 

The  rotary  class  may  be   sub-divided   into   two   sections, 
aamely:  — 

1.  Diamond  cutting  bits. 

2.  Steel  cutting  or  chipping  bits. 
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Of  these  the  diamond  cutters  are  largely  in  the  majority. 

The  original  drilling  machine  was  equipped  only  with  steel 
cutters,  which  were  useful  in  the  softer  formations,  bul  were 
quite  unable  to  penetrate  the  harder  varieties  of  rock.  In  course^ 
of  time  the  hardest  substance  known  was  successfully  applied  ta 
rock  penetration,  and  gradually  the  diamond  cutter  took  prece- 
dence over  all  other  forms.  In  the  early  stage  of  drilling  the 
practice  was  to  secure  large  cores  of  the  strata  penetrated,  the 
first  diamond  drills  having  been  designed  to  cut  cores  up  to  24 
inches  in  diameter.     But  as  the  demand  for  carbonados  grew,  sa 

Eroportionately  the  price  per  carat  advanced,  and  in  order  to 
eep  within  reasonable  cost  it  became  necessary  to  reduce  the^ 
number  of  carbonados  employed,  which  also  reduced  the  dia- 
meter of  the  cores.  ^ 

The  price  of  boring  diamonds  30  years  ago  ranged  from  208. 
to  25s.  per  carat,  and  the  highest  price  known  to  the  writer  in 
recent  years  was  280s.  per  carat,  in  1896.  The  price  subse- 
quently fell  to  about  160s.  per  cart,  but  has  again  risen,  the  pre- 
sent ruling  rate  for  first  quality  Brazilian  carbonados  being 
300s.  per  carat,  or  say  fourteen  times  higher  than  the  average 
price  30  years  ago. 

The  diameters  of  core  as  cut  to-day  vary  with  the  depth  of 
the  hole.  If  a  hole  is  designed  to  reach  a  depth  of  5,000  ft.,  the 
first  1,000  ft.  is  bored  big  to  permit  of  clearance,  and  the  hole 
is  gradually  reduced  in  diameter  as  the  work  proceeds.  The 
average  diameter  of  a  core  from  a  depth  of  5,000  ft.  would  be 
somewhat  as  follows  :  — 

From  immediate  surface  and  to  50  ft.  in  depth,  3|  to  4  in.  core. 
From        50  ft.  to  1,000  ft.  2|  in.  core. 

From  1,000  ft.  to  2,000  ft.  2  3-16  in.  core. 

From  2,000  ft.  to  5,000  ft.  IJ  in.  to  If  in.  core. 

The  hole  bored  will  in  each  case  be  wider  bv  that  amount 
grooved  out  by  the  cutting  face  of  the  boring  bit,  and  may  be 
taken  as  1  in.  greater  than  the  core  diameter. 

For  shallow  holes  the  core  diameter  may  only  be  1  in.  For 
holes  ranging  between  1,000  and  3,000  feet,  the  upper  sec- 
tions of  the  hole  are  bored  sufficiently  large  for  clearance,  but 
the  final  diameter  will  not  exceed  IJ  in. 

A  power  drilling  machine  consists  essentially  of  three  parts,, 
namely :  — 

1.  The  Engines. 

2.  The  Feed. 

3.  The  Hoisting  Apparatus. 

The  largt^r  sized  machines  of  the  well-known  makes  of  dia- 
mond drill  are  generally  fitted  with  duplex  vertical  engines, 
each  maker  having  some  special  point  of  difference  in  design. 
Substantially  the  engine  mechanism  is  the  same  in  all  makes, 
excepting  in  the  smaller-sized  machines,  in  which  engines  of  the 
trunk  piston  type  are  sometimes  employed. 
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The  euKHies  connect  direct  to  a  main  drive  atiaft,  wUiih 
rotates  the  drill  rods  by  means  of  bevel  gears,  and  operates  the 
hoiatiug  drum  by  means  of  a  spur  wheel  and  pinion  arrange- 
ment. The  engines  may  be  driven  either  by  eteam  or  com- 
pressed air,  but  the  former  is  most  generalfy  used.  Special 
machines  operated  by  elet-tric  motors  are  also  supplied  for  par- 
ticular places. 

The  "  feed  "  device  of  a  diamond  drill  may  be  stated  as  that 
particular  means  by  which  the  cutting  bit  is  automatically 
jorced  forward  as  the  rods  are  rotated.  The  most  important 
varieties  are  the  following :  — 

1.  The  Gravity  Feed. 

2.  The  Friction  Feed. 

3.  The  Positive  Feed. 

4.  The  Hydraulic  Feed. 

The  gravity  feed  is  the  simplest  of  the  feed  devices,  and  is 
only  applied  in  modern  designs  to  hand  diamond  drills.  The 
only  mechanism  involved  in  its  application  is  a  suitable  connec* 
tion  to  the  drill  rods,  by  meauH  of  which  additional  weight  can 
be  brought  to  bear  on  the  cutting  bit.  Its  usefulness,  even  in 
Land  power  drills,  is  limited  to  rocks  of  the  lower  scales  of  hard- 
ness. 

The  friction  feed  is  applied  by  some  makers  to  hand 
machines,  and  the  smaller  sized  power  machines,  one  of  which, 
tuilt  by  the  Sullivan  t'o.,  is  illustrated  in  Plate  XVII. 

The  friction  feed  consists  substantiallv  of  a  system  of 
differential  gearing,  driven  by  friction  instead  of  positive  action. 
The  driving  power  from  the  drill-spindle  to  the  counter-shaft 
is  transmitted  through  leather  washers  on  either  side  of  a  loose 
upper  counter-shaft  gear.  In  feeding,  the  gear  and  washers  are 
pressed  against  a  collar  below  them  on  the  counter-shaft,  by 
tightening  a  compressed  spring.  This  spring  is  coiled  in  a 
cleve,  which  is  ke;red  to  the  counter-shaft  above  the  upper  gear. 
When  the  spring  is  compressed,  the  counter-shaft  revolves  with 
the  upper  gear  and  the  washers,  at  a  rate  determined  bv  the 
amount  of  compression  on  the  lower  c<iunter-8haft  turning  the 
ieed-nut  gear,  and  as  the  amount  of  compression  of  the  spring, 
and  consequently  the  frictiim  of  the  washers,  can  be  increased 
or  diminished  at  will,  it  follows  that  the  feed  can  be  varied  up 
to  any  limit  fised  by  the  proportions  of  the  feeil-gear. 

The  positive  type  of  feed  consists  of  an  arrangement  of 
differential  gears,  which  causes  a  positive  advance  of  the  cutting 
bit  at  a  rate  determined  by  the  particular  gears  engaged  ana 
the  number  of  revolutions  of  the  drill  rods. 

Plates  XV.  and  XVI.  illustrate  this  type  of  feed  as  used  on 
some  of  the  drills  built  by  the  Bullock  Manufacturing  Co. 

The  feed  is  obtained  by  varying  the  relative  speeds  of 
rotation  of  the  hollow  spindle  for  quill)  carrying  the  boring  rods, 
and  the  bottom  spur  wheel  N,  the  boss  of  which  forms  a  nut 
fitting  on  the  quill,  which  has  a  left-hand  screw  of  four  threads 
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per  inch,  as  shown.  It  is  evident  that  if  both  screw  and  nut 
revolve  at  the  same  speed  there  will  be  no  "  travel "  of  the 
screw,  but  if  the  wheel  N  be  revolved  more  quickly  the  quill 
will  travel  downwards,  and  thus  carry  down  the  bore-rods  with 
core  tube  and  crown,  the  quill  being  rotated  in  the  direction  of 
the  arrow. 

The  bevel-wheel  W  is  driven  by  a  wheel  on  the  enirine 
shaft.  The  quill  slides  freely  in  W,  and  is  rotated  by  means  of 
two  feathers,  which  fit  in  key-ways,  running  the  whole  length 
of  the  quill. 

The  boss  of  the  wheel  is  prolonged  above  the  bearing,  and 
carries  three  spur  wheels,  which  rotate  with  it;  these  wheels 
gear  with  three  other  wheels  running  loose  on  the  spindle  A, 
which  is  hollow,  and  has  a  centre  spindle  carrying  a  key  K,  pass- 
ing through  long  slots  in  the  outer  spindle,  so  that  it  may  be 
raised  or  lowered,  and  thus  engage  with  either  of  the  three 
wheels,  which  will  then  cause  the  spindle  to  revolve.  These 
wheels  have  an  outer  rim  of  wrought  iron,  in  which  the  teeth 
are  cut,  and  a  centre  of  brass,  one  portion  of  which,  L,  is  bored 
to  fit  the  spindle,  but  has  slots  cut  in  it  to  receive  the  key  K 
when  required.  Above  and  below  L  is  a  recess,  in  which  the 
key  may  remain  without  contact  with  either  wheel,  and  be- 
neath tne  bottom  wheel  is  a  fixed  plate,  with  slots — similar  to 
those  in  the  wheel — which  lock  the  spindle  when  the  key  is 
lowered  with  them. 

At  the  lower  end  of  the  centre  spindle  is  another  similar 
key  passing  through  long  slots  in  the  outer  spindle,  and  revolv- 
ing in  a  recess  in  the  body  of  the  handle  H.  This  handle  can 
be  raised  or  lowered,  and  fixed  so  that  it  engages  the  upper  key, 
K,  with  either  the  looking  plate  or  one  of  the  wheels;  or  it 
may  be  in  the  spaces. 

Assuming  that  the  key  is  in  the  top  wheel,  the  speed  of 
feed  will  be  one  inch  for  TOO  revolutions  of  quill,  the  ratios  of 
speeds  of  quill  and  nut  X  being:  — 
44    X    "^4  1 

42    X    25   =    T:0057    =    ^^  '^^^  P^'  '"^'>- 
With  the  second  wheel  in  gear  the  ratio  is:  — 
41    X    24  1 

.39    X    25   =    0)0923   =   ^^  '^''^*  P^^  »^^^- 
With  the  bottom  wheel  engai^  the  ratio  is*  — 
38    X    24  1     ^        ^^ 

36    X    25   =    T:oI33   =   ^^  "^^^  P^^  »^^^- 

thus  giving  three  different  rates  of  feeding  to  suit  the  varying 
hardness  of  the  rock. 

It  may  be  urged  that  the  positive  feed  machine  mav  be 
used  in  localities  where,  owing  to  shortness  of  water,  it  would 
be  difficult  to  run  a  hydraulic  feed  machine.  My  experience  is, 
howe^-er,  that  the  quantity  of  water  useil  in  the  running  of  the 
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one  and  tl>e  other  aiuouuta  to  practically  tbe  same  tiling,  since 
all  the  water  wliith  is  discharffed  from  the  hydraulic  cylinder 
escape  valvea  may  readily  he  retmiied  to  the  pumping  Bump 
without  appreciable  loss. 

lu  combination  with  the  positive  feed  arrangement  the 
Bullock  drills  are  provided  with  an  apparatus  called  a  Thrust 
Indicator,  which  registers  the  pressure  at  any  moment  on  the 
boring  bit.  By  carefully  watching  this  instrument  and  record- 
ing its  indications  as  the  drilling  proceeds,  the  pressures  exerted 
U|}on  materials  of  different  hardness  may  be  accurately  deter- 
mined, on  a  subsequent  comparison  of  the  core  and  the  Thrust 
Indicator  record.  The  experienced  drill  man  will  therefore  not 
only  be  at  once  informed  as  to  the  hardness  of  the  rock  through 
which  the  bit  is  passing,  but  will  at  the  same  time  regulate  the 
ieed  gears  to  meet  the  conditions. 

The  hydraulic  type  of  feed  consists  of  an  arrangement  of 
cylinder  and  movable  ijtstou.  the  latter  attached  to  a  piston  rod. 
Water  under  pressure  is  pumpfd  into  the  cylinder  either  on  the 
upper  or  lower  side  of  the  piston  as  may  be  desired,  the  direction 
being  controlled  by  the  manipulation  of  water  valves  provided 
ior  that  purpose. 

Two  well-known  power  drills,  the  "  Sullivan "  and 
"Bullock,"  are  equipped  with  Ibis  form  of  feed,  the  former 
having  one  cylinder,  and  the  latter  two.  Fig.  1.  PI.  XVIII.,  is 
nn  outside,  and  Fig.  2.  a  sectional,  illnstratioii  of  the  "  Sulli- 
TRu"  feed,  whii'h  may  be  thus  described:  — 

In  this  illustration,  A  is  the  hydraulic  cylinder  in  which 
the  piston  B  moves  up  and  down  with  its  attached  piston-rod,  C. 
A  high-pressure  pump  is  connected  to  the  cvliuder  at  the  tee  D, 
the  water  passing  into  and  escaping  from  the  cylinder  through 
brass  tubes  F.  and  ports  to  which  they  connect,  cast  in  tne 
cylinder  heads.  The  water  valves  1  and  2  are  the  "  inlet 
valves,"  and  3  and  4  are  the  "  outlet  valves." 

To  the  upper  end  of  the  piston-rod  is  screwed  a  thrust  plate 
G,  through  which  pass  three  studs,  screwed  into  another  thrust 
plate,  H.  Between  the  thrust  plates  are  two  sets  of  friction  ball 
bearings,  one  set  on  each  side  of  a  collar  I,  which  ia  screwed 
fast  to  bl  drive  rod,  J.  The  collar  I  transmits  the  motion  of  the 
hydraulic  pislon  to  the  drilling  bit,  for  as  the  piston  and  piston 
tod  descend  they  carry  with  them  the  two  thrust  plates,  G  and 
11,  and  the  collar  I.  The  drive  rod  J  is  rotated  by  a  mitre 
■wheel  K.  through  which  it  slides,  the  feathers  of  the  mitre  o-ear 
sliding  in  grooves  in  tbe  drive  rod.  The  mitre  wheel  K  is 
actuated  by  similar  gear  on  (be  engine  shaft.  The  collar  I — 
moving  in  c<incert  with  the  piston-rod  (.' — being  sci-ewed  fast 
to  the  drive  rod  J,  rotates  with  it,  and  thus  any  movement  of 
the  piston  is  communicated  to  the  piston-rod,  and  from  that  by 
means  of  the  collar  I  to  the  drive  rod,  with  the  least  possible 
irintion.  The  drive  rod  is  a  hollow  tube  revolving  within  the 
piston-rotl;    to   its  lower   portion,   which   projects  beyond   (ha 
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piston-rod,  is  screwed  a  chuck,  L,  which  grips  the  boring 
tubes,  F. 

When  in  operation,  water  is  pumped  into  the  cylinder 
through  the  tee  D.  When  the  valves  1  and  3  are  open,  and  2 
and  4  are  closed,  the  water  pressure  is  above  the  piston,  and  its 
downward  motion  is  regulated  by  the  manipulation  of  a  valve 
on  the  escape  tee  E.  Similarly,  if  the  valves  2  and  4  be  open 
and  1  and  3  be  closed,  the  water  pressure  is  below  the  piston,, 
which  consequently  moves  upward,  the  stroke  of  the  piston 
being  necessarily  the  continuous  effective  "  feed "  of  the 
machine. 

The  water  pressure  upon  the  piston  is  indicated  by  a  gauge 
placed  between  an  outer  admission  valve  and  the  tee  D.  It  haa 
been  shown  that  the  motion  of  the  piston  is  communicated 
through  the  piston-rod  to  the  thrust  plates  G  and  H,  and  again 
by  them  through  the  collar  I  to  the  drive  rod  J,  which  finally 
transmits  it  to  the  drill  rods  P  through  the  chuck  L.  Th^ 
engine  in  running,  therefore,  actuates  the  drive  rod  by  means  of 
the  mitre-gear  before  mentioned,  and  the  drive  rod,  clamped  to 
the  drill  rods  carrying  the  diamond  bit,  is,  when  boring,  forced 
downwards  whilst  rotating,  by  the  hydraulic  pressure  in  the 
cylinder  A. 

The  Bullock  double  cylinder  feed  operates  practically  in 
the  same  manner  as  the  single  cylinder  feed.  It  is  claimed 
that  it  gives  a  longer  run  of  feed,  keeps  the  spindle  dead  in  line 
with  the  hole,  eliminates  side  strains,  and  provides  a  duplicate 
plant,  so  that  in  the  event  of  accident  to  one  cylinder  the  other 
will  keep  the  machine  running. 

The  various  *'  feeds  ''  above  described  have  each  their  sup- 

Sorters,  but  in  the  opinion  of  the  writer  the  advantages  of  the 
ydraulie  feed  outweigh  any  that  are  offered  by  those  otherwise 
designed. 

In  power  niaehines  the  two  feeds  of  importance  are  the 
positive  and  the  hydraulic.  The  underlying  principle  of  the 
positive  feed  is  essentially  a  '^  constant  rate  of  advance,"  as  dis- 
tinct from  the  underlying  principle  of  the  hydraulic  feed,  which 
is  *'  pressure,"  which  may  be  increased,  or  decreased,  or  remain 
constant  for  any  length  of  time  at  the  will  of  the  operator. 

The  positive  feed  advances  at  a  rate  determined  by  the 
proportion  of  the  gears,  and  that  rate  of  advance  must  be  main- 
tained whether  the  rock  be  hard  or  soft.  It  is  clear  that  if  a 
drill  passes  suddenly  from  a  soft  to  a  very  hard  formation,  and 
if  care  be  not  exercised  to  change  the  gears  to  suit  the  harder 
rock,  the  rate  of  feed  may  outrun  the  cutting  capacity  of  the 
diamcmd  bit,  resulting  in  overheating,  abrasion,  and  possibly 
heavy  loss.  Contrariwise,  if  the  machine  be  drilling  in  a  hard 
rock  and  suddenly  passes  into  one  more  easily  cut,  or  into  a 
fissure,  the  boring  bit  will  still  only  advance  at  the  rate  deter- 
mined by  the  gears,  and  the  machine,  in  the  hands  of  an  in- 
attentive runner,  may  in  the  one  case  only  be  performing  a 
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email  proportion  of  the  work  of  wliicli  it  ia  capable,  and  iu  the 
other  be  doing  absolutely  no  drilling  at  all. 

In  the  case  of  the  hydraulic  feed  these  dangers  aie  practic- 
ally non-existent.  The  boring  bit  being  advanced  by  a  constant 
pressure  will  automatically  make  greater  advance  in  softer  for- 
mation, whilst  in  the  passage  from  softer  to  harder  formation 
there  is  no  immediate  danger  of  damage  to  the  boring  bit,  see- 
ing that  it  ia  not  arbitrarily  forced  forward  a  distance  propor- 
tionate to  a  given  number  of  revolutions  of  the  engine  as  in  the 
vase  of  the  positive  feed.  If  the  hydraulic  feed  machine  strikes 
a  fissure  the  piston  cannot  suddenly  drop  in  the  cylinder,  being 
sustained  on  water,  which  can  only  discharge  ilself  at  a  rate 
under  the  control  of  the  operator. 

The  importance  and  desirability  of  the  unlimited  range  of 
,  jeed  which  is  provided  by  the  hydraulic  principle  is,  I  think, 
obvious.  There  are  doubtless  many  rock  formations  of  such 
junvarying  hardness  that  the  positive  feed  machine  would  hold 
its  own  against  its  rival,  but,  granting  that,  the  fact  remains 
that  the  hydraulic  feed  will  perform  (hat  work  equally  well,  and 
if  requii-ed  in  another  position  where  the  conditions  are  different 
it  will  more  readily  meet  the  change. 

The  hoisting  apparatus  in  all  power  drills  ia  substantially 
the  same,  consisting  of  a  drum  operated  from  the  engine  by 
gears.  The  hoisting  drum  is  fitted  with  speed-reducing  ar- 
rangements to  enable  the  heaviest  loads  to  be  handled  with  ease, 
sometimes  four  different  speeds  being  available.  Besides  this 
the  drum  is  used  in  "  chopping  bit "  operations,  in  driving  the 
casing  pipe.  etc.  For  tlieae  purposes  the  drum  ia  run  con- 
tinuously m  one  direction.  A  rope  is  turned  a  few  times  round 
the  barrel,  and  by  manipulation  the  rope  grips  on  the  drum  and 
lifts  the  working  tool.  At  a  certain  height  the  rope  is  allowed 
to  slacken  on  the  barrel,  the  tool  then  falling  by  gravity  to 
accomplish  its  work. 

For  holes  of  great  depth,  say  5,000  ft.,  special  arrangements 
have  to  be  made  for  hoisting,  It  is  necessary,  in  order  to  reduce 
the  weight  of  the  rods  in  a  hole  of  this  depth,  to  work  with 
gradually  lessening  diameter,  otherwise  they  could  not  sustain 
their  own  weight.  Even  with  the  taper  ariangomeiit  the  weight 
flf  a  line  of  rods  5.000  ft.  in  length  is  about  20  tons. 

Tn  handle  weights  of  such  proportions  a  hoist  is  provided, 
which  is  equal  in  carefulness  of  design  to  the  liest  mine  hoists. 
The  engines  are  provided  with  a  link  motion,  enabling  the 
operator  to  lower  the  drill  rods  into  the  hole  under  steam 
pressure. 

On  the  smaller  machines  band  or  other  friction  brakes  are 
provided. 

The  more  important  accessories  of  a  diamond  drilling  field 
equipment  mav  thus  be  tabulated:  — 

DriVinn  ^f^<■hi^fl'. — Complete  with  engine  and  hoist.  PI. 
XX.  shows  a  complete  Sullivan  drill  ready  for  work. 


ice^  /'inK^  — Tiii^  iR»  i£  pis   pram    mr  iar 
r:i:r\iii|a  iii^  Vumjr  tin  mit  imak  ^n 

'UH^    VJMsjriiljMr    lOfli^l^    Tfj:  mttta.    -du^    r^'^    7M»   lOllC 

fuo»4  ic  tite  ifiFKbia*-      Tit*-  yinTOifr  i£  "an-  janim  3» 

•j**r  iivj*:.  tiic  tcjuT*  til*  i»Dniff  *i  fdz^nsi'  Set  fx- 

a*^'."*-*-:  ^    tir_ni*^  n  5*1  XXI-  -f  •dfr  .np  if  ^rii-.i 

r'-'Tf*-  I*  -1*  11-1*  fe*  ^-^*i  **  zsr^vr^xsMbot  ix  «rdGr  tIat 
til*-  crZl  r-td*  auij  ttt  £:2»?:iL3ifir»£  ix  iBM^iff  cf  ■§* 
i«:  -:•>  fr      li  •!«*  '.**H-  '.t  fiitZir*'  i^nrzLr-  a  ^cn  tt:- 

i^.-.^^z  t*  -i-*T-^tl*  :  f  ^>  fi.  ii  3i!Mu.     Piax&ntf  *» 


r— 1  r:*i*-  f "inzx    ti*^    :c*^T:fcT?:<L*    -cf    !*:**""■-    ^'^^ 


/>*-.r.'  /r<^i.-  — Tij*f*^  »:*:*«:  if  friirr  fTssi-^--^*^  toKk*  ike 

'f  '  r*-  r*-','-!^!  Ir  **:r:  f:r^AT:-:yr  ^sd  fw  «wJ 
V  r^i^r*.  '".r»^  t  :z.  ii  C-k=rr*«er  =ij  be  desired. 
Trii,'!**  -.z,  ?"---  f'Tii-kri'T.  •!:*•  fiknfrT-fr  z^y  be  nuder 

•  -.-t:.  :.  p:  XXII.  F:^  1 
/y'yr '  -7  ■'  //  •  '  :•"'•;-'-  ~ — TLi*  :-->:>*>  -:f  *  sfcort  xoeial 
*:-fr..-  rj.«  :*:  rriL  f^r-'iiillT  ••r.^::^!  ni:er:a!.  into  the 
fi''*:  i:.  '.  r.  irri  'f  "irii  i  irr  •*=-*  *i-r  -iiaiLOiid  cutting" 
*•  :.-•.  ^^  :'"  :»*ri*rt:  :i.  P"  XIX..  Fi^,  1-6. 
I*  I-  rr-iC-  -=-:•!  a  V:.:-il.i"^r.    ani    if    prv-^vfded    with 

Co'hor'O^^,.-  // ':-  '  j^'i'  . — TLe  rr."*t  e^rHrriillT  tis€>i  black 
t'l.hz:.'  j/^*.  rz  ^arV  r.a'i':'^.  ar«-  'irrivr-i  fnc^m  the  Prcw 
v;  r. ^ «-  *  i  Vk: \. .' a .  Brazil .  T\r  v  >: :  : r  in  association 
w:*?.  •fifr  sr^TT:  •iiaEior-^  ir.  pla-'^r  -iepirtsits,  and  are 
K.'jrKiv  va'-if-'I  ai:  over  ^Le  wvr:«i  f-r  rheir  abrasive 
f/rofy-rt:^-*.  T\.^  vj.f'^x  nr^i'\[  wf-:jrh*  stone  for  drill- 
ii.v  \r\r\9''^-^  :*  abo^jt  ••  r-a^at^.  an.i  abr.'it  eight  stones 
ar<'  i?^-*  if;  ^h*-  averajBre  br-rine  bit.  The  stones  are 
anaLjTf-'!  in  TJi^-  Virine  bit  at  eonal  intervals,  fotir 
}ff':ufi  i^rt  a-  "  outsifJe  "  stone?  an«l  four  as  '"  insi«^»  " 
fctrpjir-w.  "  (hit^ulf  "  and  "  inside  "  in  this  connection 
r^'lat<'«  ^i](']y  to  the  projer-tions  of  the  stones,  as  to 
wh'-th^r  thr-y  give  rlearan^e  oiitsifle  the  bit — be- 
tween it  and  the  onter  periphery  of  the  borehole — 
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or  insidf<  the  bit — betweeu  it  and  the  cored  material. 
The  "  setting  "  of  the  etones  in  the  metal  bit  is  coni- 
passei]  by  first  boring  a  receptacle  hole  iii  the  bit, 
and  after  carefully  fitting  the  stone  into  the  hole, 
leaving  the  neceBsary  cutting  projection,  to  caulk  it 
tight  either  with  copper  or  other  malleable  material. 
Frequently  no  extraneous  cnulking  is  introduced. 
the  metal  bit  itself  affording  the  caulking  medium. 
Core  £i"/*e«.— This  appliame,  shown  in  Fig.^.I'l.  XXII,, 
M  its  name  implies,  is  employed  for  the  purpose  of 
raising  the  core  that  has  been  cut  by  the  drill.  It  is  so 
designed  that  it  moves  easily  over  the  core  whilst  the 
drill  is  advancing,  but  immediately  the  rods  are  lifted 
in  the  holethe  coreliflerts  pressed  into  atapered  re- 
cesa,  which  causes  it  to  grip  tightly  on  the  core  and 
break  it  from  the  solid.  Any  core  which  ban  passed 
into  the  core  barrel  is  safely  held  in  position  there, 
until  released  at  surface.  The  core  lifter  moat 
generally  employed  is  a  taper  split  riug,  in  the  inside 
of  irhich  are  projections  for  gripping  the  core. 

t  iSAe//*.— The  core  shell  is  a  short  tapered  tube,  which 
holds  the  core  lifter  in  position.  The  coi-e  shell  is 
screwed  on  at  one  end  to  the  borina"  bit.  and  at  the 
other  to  a  connection  for  altachment  to  the  core 
barrel. 
Core  Barrf/,— This  piece  of  steel  tubing  is  of  shnrl  length 
for  shallow  holes  and  up  to  30  ft.  in  length  for  deep 
holes.  The  average  length  is  10  ft.  Its  function  is 
to  hold  the  core  as  the  drill  advances,  and  its  length 
obviously  determines  the  Inogest  run  that  can  be 
made  without  lifting  the  rode  to  surface.  Some- 
times the  drill  runner  is  fortunate  enough  to  strike 
formation  that  cores  easily  and  solidly,  when  he 
waits  until  the  core  barrel  is  full  before  raising  the 
rods;  at  other  times  the  drilling  may  be  in  fragmen- 
tary rock,  which  causes  jamming  in  the  core  shell  or 
core  barrel,  necessitating  frequent  lifting  of  the  rods 
and  consequent  loss  of  drilling  time, 
i  Pipe. — This  is  a  tube,  generally  from  3  to  5  inches 
in  diameter,  placed  in  the  top  portion  of  the  bore- 
bole.  It  serves  to  prevent  leakage  in  the  upper  loose 
rock  or  alluvium,  and  also  for  collection  of  the  re- 
ned  borings  pumped  from  the  borehole.  It  is 
also  called  "  drive  "  pipe. 
B  head  and  n/.oi-.^These  are  attachments  for  the  drive 
pipe,  anil  are  used  in  forcing  it  through  soft  ground, 

\ng  pijtf. — This  is  tubing  passed  inside  the  stand  pipe, 
to  prevent  loss  of  water  through  fissures,  and  also 
to  prevent  caving  of  the  hole  in  bad  ground.  If 
easing  pipe  has  to  be  used  at  depth  the  bore-hole 
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must  be  reamed  out  to  a  diameter  large  enougli  to 
take  it. 

Reamer. — ^This  consists  generally  of  an  extra  heavy  tube 
attached  to  the  drill  rods  and  having  a  hollow  boss, 
set  with  carbons,  for  the  purpose  of  enlarging  the 
borehole  for  casing.  It  is  also  used  in  cases  in  which 
the  gauge  of  the  crown  has  been  set  too  narrow,  leav- 
ing too  Tittle  clearance  for  the  drill  rods,  and  return- 
ing water. 

Hoisting  Plug. — This  is  a  screwed  eye  bolt,  which  turns 
freely  in  a  socket  screwed  to  a  threaded  boss,  which 
fits  in  the  drill  rods.  In  lowering  or  raising  the 
rods  the  hoisting  rope  hook  engages  the  eye  bolt  of 
the  hoisting  plug. 

Water  Swivel. — This  is  an  attachment  to  the  top  of  the 
drill  rods  when  boring,  and  is  the  means  oi  connec- 
tion between  the  pump- and  the  rods. 

Other  Appliances. — In  addition  to  the  foregoing,  there  are 
devices  for  holding  the  drill  rod  securely;  recover- 
ing taps  for  drawing  jammed  or  broken  rods  or  cas- 
ing ;  augers  for  use  in  soft  ground ;  chopping  bits  for 
breaking  down  boulders  met  with  in  driving  the 
stand  pipe,  and  sundry  items  too  numerous  to  men- 
tion here. 

ROTARY    DRILLS. 

Thus  far  I  have  been  describing  diamond  rotary  drills.  I 
now  propose  to  briefly  refer  to  one  special  rotary  drill,  which 
employs  steel  cutters  in  lieu  of  diamonds^ 

The  most  important  drill  of  this  type  is  one  known  as  the 
Davis-Calyx,  which  originated  in  Australia.  The  cutter  in  this 
machine  is  a  cylindrical-pronged  shell.  The  end  of  each  prong 
is  made  into  a  cutting  point  by  shaping  the  cutter  end  of  the 
prong  back  at  about  an  angle  of  50  degrees  with  the  direction 
of  the  prong.  The  teeth  when  blunt  are  heated  and  sharpened 
up  by  hand  hammer,  as  shown  in  PI.  XXIII.  The  cutting  bit  is 
attached  to  the  core  barrel,  which  latter  is  of  the  same  outside 
diameter  as  the  shell  of  the  cutter.  The  core  barrel  is  attached 
by  means  of  a  reducing  plug  to  the  drill  rods.  The  "Calyx" 
(cup-shaped),  which  is  a  special  feature  of  this  machine,  is  a 
tube  of  the  same  diameter  as  the  core  barrel.  It  surrounds  the 
lowest  drill  rod,  and  rests  on  the  reducing  plug  between  the  core 
barrel  and  the  drill  rods,  thus  making  at  the  bottom  a  practically 
closed  tube.  At  the  upper  end  of  the  tube  it  is  open,  and  the 
space  between  the  drill  rod  and  the  enclosing'  tube  forms  the 
Calyx.  In  the  sectional  view,  PI.  XXIV.,  water  is  pumped  down 
inside  the  rod,  sand  then  passes  through  the  cutting  teeth, 
carrying  with  it  the  detached  particles  of  rock  chipped  out  by 
the  cutter.  The  water  and  chippings  are  forced  upwards  by 
the  pump,  on  the  outer  side  of  the  cutting  bit  and  core  barrel, 
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and  whilst  pussin^  in  this  icHtiicted  space  the  water  has  siich  n 
Tehwity  that  it  is  inipussible  for  the  ciittings  to  settle.  After 
pRSsing  the  C'alys  tube  in  its  upward  flow,  the  water  reaches  a 
comparatively  large  space,  where  the  rate  of  travel  is  much 
lessened,  and  consequently  the  solid  cbippiiigs  from  the  cutter 
drop  out  nf  suspeiiBinn,  and  are  caught  in  the  fall's.  In  this 
irianner  h  i-ecord  nf  the  chippings  is  retained,  and  can  he 
examined  in  ronueftion  with  the  core. 

In  t]|)eratinn  the  drill  rods  are  slnwlv  rotated  ;  the  (ulting 
teeth  heing  im  Hie  hotlum  i>f  the  hole.  Pressure  is  exerted  on 
the  cutters,  which  causes  (hem  to  bite  or  grip  into  the  rock. 
The  drill  rods  are  continuously  revolved,  and  eventually  the 
torsion  strain  on  llie  mhIs  overcumes  the  resistance  due  to  the 
hit  of  the  cutting  bil,  when  the  latter  spins  round  and  chips 
a  groove  in  the  rock,  leaving  the  solid  core  standing.  The 
cutting  bit  presently  comes  to  rest  again,  and  as  soon  aa  the 
rods  have  accumulated  sufficient  energy  to  overcome  its  resist- 
ance the  spin  of  the  cutting  teeth  again  takes  place,  this  opera- 
tion being  repeated  throughout  the  boring. 

■ocka  of  exceptional  hardness  it  was  found  that  the  steel 
<?utterH  progressed  so  slowly  that  it  was  decided  to  employ  a 
diamond  bit  for  negotiating  Ihem.  This  alternative  was  per- 
fectly satisfactory  from  a  drilling  standpoint,  though  too  costly 
as  compared  to  Ihe  sterol  cutter  boring,  and  evenlually  a  system 
was  perfected  bv  whi'-h  chilled  steel  shot  was  substituted  for  the 
diamonds,  with  successful  results.  The  chilled  steel  shot  is  used 
with  a  specially  designed  bit,  and  is  so  hard  that  it  will  scratch 
glass. 

~  1  drills  wherein  no  "  Calj"x  "  is  used  it  has  been  found 
that  the  pressure  due  to  pumping  removes  the  shot  from  its  posi- 
tion in  the  bottom  of  the  hole,  but  the  Davis  drill  has  demon- 
strated the  practicability  of  using  chilled  shot,  for  the  reason 
that  the  pump  pressure  can  he  so  greatly  reduced  owing  to  the 
increased  size  of  the  hole  in  its  upper  portions. 

The  great  feature  of  this  machine  is — if  the  claims  made 
for  it  can  be  substantiated- -that  it  will  bore  holes  of  compara- 
tively large  diameter  as  rapidly  and  much  more  cheaplj— tl*«Hi 
is  possible  (o  drill  boles  of  small  diameter  with  the  diamond 
^Irill,  owing  to  the  high  price  of  diamonds.  The  small  cores 
prodnceil  by  diamond  drills  have  been  reduced  to  the  minimum 
because  of  the  excessive  cost  of  carbons  used  in  Ihe  boring  hit. 
Originally  all  boreholes  were  drilled  comparatively  large  iu  dia- 
meter, and  the  Davis-Calyx  drill  attempts  to  get  back  to  first 
principles  by  producing  a  core  of  large  dimensions. 

It  is  claimed  by  the  makers  that  they  have  demonstrated  in 
ipractice  that  the  combination  of  steel  cutters  and  chilled  shot 
will  satisfactorily  penetrate  rocks  of  any  hardness,  and  it  ia 
Hwcially  claimed  for  this  machine  that  it  is  not  liable  to  he 
■deflected  by  crevices  met  in  the  boring. 

The  cost  per  foot  for  chilled  shot  in  the  hardest  ground  is 
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the  solid  rock.  Its  purpose  is  to  prevent  waste  of  water  in  the 
upper  surface  soil  or  rock,  and  also  to  collect  and  deliver  the  rock 
cuttings  and  chippings — which  are  carried  up  by  the  pump  pres- 
sure— at  such  a  point  that  the  drill  runner  can  observe  the 
nature  of  the  rock  through  which  he  is  passing. 

Having  secured  the  stand  pipe,  the  next  operation  is  to 
place  a  piece  of  casing  inside  the  stand  pipe  to  make  a  water- 
tight joint.  A  hole  for  the  casing  is  bored  and  reamed,  and  the 
casing  is  subsequently  lowered  and  fixed.  Boring  may  now 
begin. 

The  drill  rods,  having  the  boring  bit,  core  barrel,  core  shell, 
and  core  lifter  attached  at  the  lower  end,  are  lowered  inside  the 
casing  to  the  solid  rock.  The  water  swivel  is  attached  to  the 
top  length  of  drill  rod,  and  this  rod  is  passed  through  the  drive 
rod  of  tlie  machine,  and  connected  to  the  other  lengths  in  the 
hole.  Tlic  rods  are  then  gripped  firmly  by  screwing  up  the 
chuck  on  the  machine,  and,  all  connections  having  been  made, 
the  hoisting  drum  is  thrown  out  of  gear  and  boring  begins. 
When  the  drill  has  advanced  so  far — assuming  no  stoppages — 
that  the  core  barrel  is  full,  the  drill  is  stopped,  the  water  swivel 
removed,  and  a  safety  clamp  for  holding  the  rods  suspended  in 
the  hole,  grips  the  drill  rods  below  the  first  joint.  The  chuck 
screws  are  then  loosened,  and  the  top  rod  is  drawn  out  through 
the  upper  end  of  the  drive  rod. 

Various  arrangements  are  made  by  different  makers  of 
drills  to  tlirow  the  machine  out  of  gear  in  order  that  perfectly 
free  hoisting  of  the  rods  may  be  done  by  the  drill  runner. 

The  rods  in  the  hole — of  whatever  depth — are  hauled  up 
fpradually  by  the  hoist,  and  parted  at  their  screwed  connections 
into  lengths  dependent  upon  the  height  of  the  derrick.  The 
rods  are  10  feet  each  in  length,  and  if  the  derrick  be  sufficiently 
high,  a  **  parting"  is  only  required  as  at  the  end  of  every  fifth 
rod.  When  the  last  rod,  to  which  is  connected  the  boring  bit, 
core  barrel,  etc.,  reaches  surface,  the  shell  is  unscrewed  from  the 
barrel,  and  the  core  extracted.  The  drill  must  be  run  slowly  for 
the  first  50  ft.  in  depth,  in  order  that  the  boring  bit  may  not 
diverge  from  the  vertical  direction,  which  it  is  liable  to  do  if 
there  are  fissures  or  planes  of  bedding  into  which  it  can  easily 
penetrate. 

The  boring  bit  at  any  time  should  not  be  run  at  more  than 
175  revolutions  per  minute,  if  only  for  the  reason  that  at  high 
rotative  speeds  there  is  a  liability  to  set  up  grinding  of  the  core 
upon  itself,  in  the  core  barrel,  and  the  more  friable  portions  of 
(he  core  are  lost.  In  metalliferous  deposits  the  richest  portions 
•  f  the  ore  are  generally  the  most  easily  reduced  by  attrition, 
iind  an  unsatisfactory  borehole  result  might  be  traceable  en- 
lirely  to  the  loss — in  the  manner  indicated —  of  the  richest  sec- 
tion of  the  deposit  penetrated  by  the  drill.  An  appliance  has 
M'cently  been  patented  by  the  use  of  which  it  is  claimed  no 
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grinding  of  core  can  take  place  in  the  barrel.  It  is  pivoted  at 
the  top  on  a  universal  ball  joint,  and  allows  the  outer  core  barrel 
to  rotate  freely  around  it.  If  successful  it  should  prove  a  valu- 
able addition  to  drilling  appliances. 

A\^RAGE  RATE  OF   BORING. 

The  average  rate  of  boring  varies  as  to  the  depth  of  the 
hole,  the  character  of  the  rock  met  with ;  and  freedom  from  acci- 
dent— whether  unavoidable  or  otherwise. 

The  depth  of  the  hole  affects  the  rate  of  boring  because  of 
the  additional  time  required  to  hoist  and  lower  the  drill  rods  as 
the  hole  increases  in  depth.  This  does  not  refer  especially  to 
the  longer  time  required  to  do  the  hoisting  pure  and  simple, 
but  to  the  increased  time  taken  to  lift  the  rods;  to  part  them  at 
the  lengths  determined  by  the  height  of  the  derrick;  to  stack 
them  in  a  convenient  place;  and,  after  emptying  the  core- 
barrel,  and  replacing  the  boring  bit,  to  lower  them  back  into  the 
hole,  length  by  length  as  they  were  parted  in  hoisting.  I  may 
note  here  that  it  is  better  practice  to  keep  two  core  barrels,  in 
order  that  the  core  can  only  be  extracted  by  the  coretaker,  and 
is  not  subjected  to  the  scrutiny  of  the  drill  runners. 

The  time  required  for  hoisting  and  lowering?  rods  from  and 
to  a  depth  of  1,000  ft.  is  about  two  hours,  whilst  from  a  depth 
of  3,000  ft.  the  time  required  is  about  7  to  8  hours.  This  time 
is,  of  course,  quite  lost  as  far  as  drilling  is  concerned,  and  there- 
fore the. deeper  the  hole  and  the  more  frequently  the  rods  require 
to  be  hoisted,  the  greater  will  be  the  reduction  made  in  the 
average  rate  of  boring. 

The  character  of  the  rock  met  with  relates  to  two  features, 
namely  its  hardness,  and  its  liability  to  fragmentation  in  cor- 
ing. The  ideal  features  are  a  rock  easily  bored,  which  at  the 
same  time  cores  in  long  lengths.  If  a  rock  cores  in  a  frag- 
mentary manner,  there  is  great  liability  for  it  to  obstruct  the 
drilling  by  sticking  in  the  core  shell  and  the  core  barrel,  and 
therefore  even  at  a  depth  of  3,000  ft.  it  happens  that  the  rods 
must  be  hoisted  after  boring  6  inches  or  less,  which  obviously 
seriously  affects  the  average  rate  of  drilling.  In  a  good  coring 
rock,  and  with  a  30  ft.  core  barrel,  the  drill  rods  may  only  re- 
quire to  be  hoisted  when  the  core  barrel  is  filled,  or  once  in 
every  30  ft.  bored. 

The  accidents  to  which  a  drill  is  liable  are  numerous,  i-e- 
lating  to  those  which  are  unavoidable  by  reason  of  breakage  in 
the  gear  and  those  which  are  avoidable  by  care  on  the  part  of 
the  runner. 

The  gear  breakages  may  refer  to  the  engine,  hoist,  rope, 
pump,  drill  rods,  jaw  clamp,  etc.,  and  any  one  of  these  may 
cause  serious  loss  and  delay,  whilst  some  may  cause  the  entire 
loss  of  the  borehole,  rods,  and  boring  hit.  The  last  would 
specially  refer  to  breakage  of  the  hoist,  the  rope,  or  its  connec- 
tions; stripping  of  the  screwed  ends  of  the  drill  rods:  or  failure 
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ou  tliv  purt  of  thu  jaw  ilEiiiip  to  hold  tbf  iTids  whilst  hi  tlie  pro- 
cess of  hmsting  or  luwi^iiu^.  Any  of  these  causes  might  result 
iu  the  rolls  dropping  from  a  great  height  in  the  borehole,  and 
subsequent  impossibility  of  recovering  them;  although  with  the 
appliances  now  at  the  command  of  the  drill  runner  it  is  seldom 
tfiat  the  wrecked  roils  cannot  be  withdrawn.  In  any  event, 
however,  a  long  time  is  reijuJred  for  the  recovery  of  the  rods. 
leuiling  to  direct  loss  and  reduction  of  the  average  rate  of 
Ixiring. 

The  avoidable  causes  of  delay — apart  from  carelessness 
in  the  running  of  the  plant — refer  especially  to  silting  of  the 
.borehole,  jamming  of  the  rods,  or  too  gi-eat  pressure  on  the  bor- 
ing bit.  Silting  can  only  occur  if  through  want  of  attention 
on  the  part  of  the  runner  the  rods  are  lowered  into  the  borehole 
before  the  pump  is  started,  or  in  case  of  a  mud-rush  whilst  the 
puiup  is  9loDpe<l.  The  special  value  of  a  hydraulic  feed  is 
shown  in  such  a  case,  as  the  rods  may  be  worked  up  and  down 
Bt  the  will  of  the  runner  without  stopping  the  engine. 

Jamming  can  occur  through  bad  setting  of  the  boring  bit, 
which  reduces  the  gauge  of  the  hole  and  allows  no  clearance  for 
the  rods.  A  heavy  deflection  of  the  bore-hole  may  also  cause 
the  ro<Is  til  jam. 

Too  great  pi-essure  on  the  boring  bit  results  in  heating  the 
carbons,  chipping  or  tearing  them  out  altogether;  and  in  sub- 
■eiiiieut  loss  of  time  in  "  fishing  "  for  the  stones  with  a  bit  filled 
with  bevawax.  Such  accidents  have  a  direct  effect  upon  the 
RTerage  rale  of  boring. 

A  most  frequent  source  of  delay  in  boring  is  the  loss  of 
water  in  the  borehole,  which  is  at  once  dangerous  to  the  boring 
bit,  and  a  cause  of  loss  of  information  to  the  drill  runner,  iu- 
Bsmucli  as  the  rock  chippings  are  not  returned  to  the  surface 
for  bis  inspection,  and  in  kicalities  where  water  is  scarce,  might 
lead  to  the  abandonment  of  the  hole.  The  reason  for  the  water 
loss  is  the  presence  of  fissures  in  the  rock.  These  difficulties 
Can  often  be  overcome  by  introducing  cement,  corn-meal,  or 
sawdust  into  the  hole,  but  if  these  fail,  it  is  necessary  to  ream 
and  case  the  hole  to  the  depth  of  the  fissure  and  beyond,  a  pro- 
cess which  in  some  instances  would  be  more  costly  than  the 
starting  of  an  entirety  new  hole. 

The  rate  of  boring  in  average  Witwatersrand  condition& 
lor  a  hole  1,000  ft.  in  depth  might  be  placed  at  25  to  30  ft.  per 
day.  For  holes  2,000  ft.  in  depth  the  rate  would  be  from  17 
to  22  ft.  per  day;  for  holes  3,000  ft,  in  depth,  from  13  to  IT  ft. 
per  day:  and  for  holes  3,500  ft.  in  depth,  from  10  to  13  ft.  per 
day.  These  averages  make  allowance  for  all  ordinary  delays, 
but  do  Dot  include  the  extraordinary  delays  which  are  pre- 
Tiously  described.  The  average  drilling  rate  of  a  number  of 
"Wit«-atersrand  bore-holes  is  given  in  a  table  attached  to  this 
paper. 
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sizing  up  bore-hole  results. 

It  is  axiomatic  that  bore-hole  results,  on  the  Witwatersrand 
at  least,  should  be  accepted  rather  as  proving  horizon  than 
value.  A  bore-hole,  after  all,  will  only  sample  a  very  fractional 
part  of  the  area  under  exploration,  and  the  results  which  it 
gives  may  for  the  following  reasons  be  very  unsatisfactory,  if 
not  entirely  misleading :  — 

1.  It  may  pass  into  a  dyke  from  which  it  cannot  emerge 
within  reasonable  depth,  as  in  PI.  XXV. 

2.  It  may  pass  into  a  dyke  which  causes  an  overthrust  of 
the  mineralised  or  metalliferous  body  sought,  as  in 
PI.  XXVI. 

3.  It  may  pass  through  a  fault  plane  on  which  the  body 
sought  IS  displaced,  as  in  PI.  XXVII. 

4.  It  may  be  deflected  by  a  hard  plane  underlying  reef 
matter,  as  in  PI.  XXVIII. 

5.  It  may  strike  a  portion  of  the  body  sought  which  is 
wider  or  narrower,  richer  or  poorer,  than  average. 

(The  writer  has  been  unfortunate  enough  to  experience 
cases  2  and  3  in  bore-holes  on  the  Rand.) 

In  the  flrst  three  cases  no  definite  conclusions  could  be 
arrived  at,  either  as  to  horizon  or  value,  and  the  whole  capital 
and  time  sunk  in  the  undertaking  would  have  been  wasted.  In 
the  fourth  case  the  apparent  width  and  value  of  the  body  would 
be  greatly  exaggerated,  as  the  drill  might  possibly  core  10  ft. 
of  valuable  material  in  places  where  there  is  only  an  actual 
thickness  of  3  or  4  inches. 

In  the  fifth  case  the  consequences  might  be  either  over- 
estimation  or  under-estimation  of  the  area  under  test. 

The  obvious  deduction  is  that  more  than  one  hole  should  be 
bored  in  testing  an  area.  Such  a  policy  provides  a  safeguard 
against  the  unsatisfactory  experiences  which  have  been  enu- 
merated; gives  data  for  figuring  approximately  the  dip  and 
strike  of  the  deposit;  and  indicates  any  great  faults  which  may 
exist  between  the  bore-hole  sites.  In  all  instances  in  which  it 
is  possible  the  boring  programme  should  be  prepared  before- 
hand and  the  holes  started  simultaneously,  thus  avoiding  the 
loss  of  time  which  accrues  if  for  any  cause  one  of  the  boreholes 
is  lost,  or  yields  only  negative  results. 

During  the  boring  operations  the  cores  should  be  carefully 
examined  by  experienced  men,  and  a  proper  log  book  kept  of 
all  rod  drawings,  stoppages,  loss  of  core — in  fact,  every  item  of 
interest.  In  cases  in  which  the  drilling  is  not  a  contract  job, 
careful  records  should  be  kept  of  labour,  stores,  fuel,  repairs, 
time,  etc.  The  drilling  records  recommended  by  the  writer 
are  shown  below,  the  Log  Book  being  kept  in  the  drill-house 
and  the  Core  Book  in  the  core-house. 
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The  strata  passed  through  should  be  carefollT  noted  and 
trarifsferred  to  a  proper  diagram  drawn  to  scale,  whilst  the  core 
itself  shoald  be  preserved  for  comparison  or  inspection  at  any 
future  date.  Dips  of  strata  arriTed  from  the  stratification 
planes  of  core  are  very  hazardous,  and  at  most  only  guesses, 
which  in  the  ease  of  deflection  in  the  bore-hole  would  be  utterly 
wrong.  This  can  only  be  arrived  at  accurately  from  a  series  of 
bore-holes  in  unfaulted  country,  when  data  is  furnished  which 
can  be  uisetl  mathematically. 

Id  sizing  up  data  from  boreholes  it  will  therefore  be  under- 
stooii  that  there  must  necessarily  be  great  reliance  upon  the 
jurlgment  and  e3rperience  of  the  person  acting  in  an  advisory 
capacity.  Comparisons  of  rocks  requiring  expert  opinion  are 
necessary,  and  a  knowledge  of  the  general  stratigraphy  and  of 
the  special  features  of  the  valuable  body  sought.  Without 
these  qualifications  in  addition  to  the  ordinary  attainments  of 
an  engineer,  no  reliable  deductions  are  possible,  when  boring 
deep  holes  in  geologically  difficult  country.  More  especially  it 
should  be  recrignised  that  values  obtained  from  bore-holes  on 
Witwatersrand  formations,  whether  good  or  bad,  should  be 
acf-epteil  with  all  reserve,  and  with  due  consideration  to  other 
factors  which  enter  into  the  case. 

COST  OF  DRILLIXG. 

The  cost  of  diamond  drilling  may  be  divided  into  the  foK 
lowing  items :  — 

White  labour. 

Native  labour. 

Carbfins. 

Water. 

Fuel. 

Transpfirt,  erection,  and  dismantlement  of  drill. 

Maintenance. 

Keaniing  and  casing. 

Depreciation. 
White  Labour. — A  drill  requires  three  white  men  to 
operate  it,  namely,  two  runners  and  a  foreman,  who  is  also  the 
(liamond  setter.  A  fourth  man  to  take  charge  of  the  core  is 
usually  employed.  The  wages  of  the  foreman  will  be  from  £40 
to  £('}()  pi-r  month,  and  the  drillers  are  usually  paid  £30. 

.\ri(iv('  Labour. — The  natives  required  generally  number 
four,  namely,  one  on  each  shift  for  firing  the  boilers.  The 
average  cost  of  natives,  including  food,  is  £4  per  month. 

CarbojiadoH. — The  cost  p)er  foot  drilled  for  carbons  varies 
directly  as  to  the  nature  of  the  rock,  and  the  care  and  skill  of 
the  diamond  setter  and  drill  runners.  The  boring  bit  is  set 
generally  with  about  20  carats  of  carbon,  and  in  free  cutting 
rock  one  setting  of  the  crown  may  last  50  ft.  or  more,  whilst  in 
ground  badly  fissured  and  of  a  flinty  nature  the  crown  may  have 
to  be  re-set  every  10  ft.  of  boring.     This  statement  does  not 
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mean  that  the  total  weight  ol  carbons  will  have  been  used  in 
the  distances  named,  but  only  that  by  abi-asion  the  cutting  edges 
will  have  been  groimd  away,  and  a  fresh  setting  will  be  required 
to  keep  clearance  in  the  hole.  The  actual  wear  of  earboii& 
varies,  of  course,  with  the  eonditiona  atteudinj?  the  boring,  and 
may  range  between  a  carat  iii  ,10  ft.  to  a  carat  in  50  ft".  On  the 
Witwalersrand  the  nverage  is  probably  one  carat  for  every  15  to 
20  ft.  bored. 

The  cost  of  carbons  varies  directly  as  to  the  demand.  The 
whole  produce  of  Babia,  Brazil,  passes  through  the  hands  uf 
one  firm  of  dealers,  and  is  a.  virtual  monopoly.  The  causes— 
apart  from  demand — operating  to  keep  carbon  high  in  price  are 
the  scattered  nature  of  the  diamond  if eroua  deposits,  the  low 
yield,  and  the  laborious  methods  employed  in  the  eolleetion  of 
the  sloiifs.  No  response  can  therefore  be  made  to  sudden  heaA-y 
demands,  with  the  result  that  the  price  per  carat  is  a  very 
fluctuating  ([uantily.  The  writer  iias  known  variations  in  the 
past  12  years  between  £5  and  £15  per  carat.  The  price  at  the 
time  of  writing  is  about  £15  per  carat.  A  loss  of  1  carat  for 
every  15  to  20  ft.  wouhl  therefore  amount  to  approximately 
£1  Der  foot  drilled. 

Water.— Water  is  a  xhie  mia  non  of  diamond  drill  opera- 
tions. Steam  power  being  used  in  most  cases,  water  is  required 
for  that  purpose,  and  it  is  essential  in  the  boring  operations 
proper,  for  the  purpose  of  keeping  the  boring  bit  cool  and  for 
returning  the  rock  cuttings  to  surface. 

The  cost  for  water  necessarily  depends  on  its  locality — 
with  reference  to  the  bore-hole  site — and  the  quantity  required. 
It  may  be  plentiful  and  near  at  hand,  or  scarce  and  distant.  If 
plentiful  and  close  there  is  no  need  to  conserve  it  with  great 
care,  if  scarce  and  distant  every  precaution  must  be  taken  to 
save  it. 

The  quantity  of  water  reijuired  for  a  drilling  outfit  capable 
of  boring  a  :i,000  ft.  hole  would  be  s  ' 


For  boiler  (to  supply  stei 


pump,  etc.) 
For  drill  rods    (allowing    that    al 


imewhat  as  under  :- 
to  drill, 

a,000  gallons 


per  day 


except  15  per  cent,  of  the  water  . 

Eumped  in  is  returned  to  sur- 
ice)       12.000  gallons  per  day 

Total  15,000  gallons  per  day 

If  the  water  is  lost  in  a  fissure  and 
the  pump  is  run  at  average 
speed  the  quantity  required  per 

day  would  he      "        80.000  gallons  per  day 

No  allowance  is  made  for  the  water  used  in  the  hydraulic 
cylinder,  as  that  may  be  caught  and  re-used  without  loss. 

No  estimate  of  water  cost  of  general  application  can  there- 
fore be  made. 
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Fuel. — The  cost  for  fuel  per  foot  drilled  depends  upon  the 
quality  of  coal,  the  transport  cost,  the  price  for  coal  at  the  pit 
mouth,  and  the  rapidity  of  the  rate  of  drilling. 

For  a  machine  capable  of  drilling  a  hole  3,000  ft.  deep,  the 
fuel  consumption  might  be  reckoned  at  from  15  to  20  cwt.  per 
working  day.  If  wood  fuel  be  available  the  quantity  required 
is  2  to  2\  times  the  weight  of  coal. 

The  Cost  of  Transport,  Erection,  and  Dismantlement  of  the 
drilling  plant  and  outfit  to  and  from  the  boring  site,  must  be 
made  a  charge  against  the  borehole.  A  small  machine  can  be 
erected  complete  with  derrick,  house,  etc.,  in  about  four  days 
clear,  and  no  machine  should  take  longer  than  a  week  to  get 
into  working  shape. 

The  cost  per  foot  drilled  of  these  operations  will  naturally 
vary  as  to  distance,  accessibility,  and  method  of  transport. 

Delays, — This  item  cannot  be  figured  upon.  Delays  may 
be  caused  through  attempts  to  prevent  loss  of  water  in  the  bore- 
hole; jamming  or  breakage  of  the  drill  rods;  loss  of  carbons  in 
the  bore-hole ;  breakdown  in  the  engine  or  hoist.  These  delays, 
besides  being  costly  in  themselves,  involve  in  some  cases  the 
purchase  of  new  parts,  thereby  adding  to  the  expense. 

Maintenance. — This  item  must  be  separately  figured  in 
each  case.  It  covers  repairs  and  renewals  to  the  working  parts 
of  the  machine,  and  is  in  some  bore-holes  a  heavy  charge  per 
foot  drilled. 

Reaming  and  Casing. — If  it  be  found  necessary  for  any 
reason  to  increase  the  diameter  of  the  bore-hole,  reaming  is  re- 
sorted to,  an  operation  performed  by  a  special  tool  set  with 
carbons.  Again,  if  fissures  or  badly  standing  ground  be  encoun- 
tered, which  it  is  thought  advisable  to  case  with  tubing,  the 
hole  must  be  reamed  an  increased  diameter  to  take  the  casing. 
The  cost  of  reaming  and  casing  per  foot  will  sometimes  exceed 
the  original  cost  of  boring.  Each  particular  case  must  be  sepa- 
rately treated,  and  therefore  no  cost  figures  can  be  estimated 
for  general  application. 

Depreciation. — As  a  diamond  drill  plant  is  subject  to  severe 
usage,  its  cost  should  be  written  off  at  the  rale  of  20  per  cent, 
per  annum.  A  heavy  equipment  on  the  Witwatersrand  would 
cost  £5,000,  and  the  monthly  charge  for  depreciation  would  be 
at  the  rate  of,  say,  £85  per  month. 

The  following  bore-holes  and  data  were  supplied  to  the 
writer  by  the  courtesy  of  the  firms  interested  :  — 
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The  following  figures  show  some  itemised  costs  of  a  3,000  ft. 
bore-hole  sunk  on  the  Eastern  Witwatersrand  on  a  property 
with  which  the  writer  is  connected. 

The  distance  from  the  railway  station  is  14  miles.  Coal 
is  conveyed  by  a  wagon  a  distance  of  14  miles.  Water  is  con- 
veyed by  wagon  a  distance  of  one  mile. 

The  formation  consists  in  the  upper  sections  of  the  hole  of 
fragmentary  cherty  rock  and  diabase,  and  in  the  lower  sections 
of  quartzite  and  diabase. 
White  Wages      amounted  to  £2,216  equal  to  14.80s.  per  foot. 


Native  Wages 

it 

£323 

2.15s. 

Fuel 

tf 

£607 

„            o.ooS. 

Water 

» 

£208 

„          1.38s. 

Carbons  (average 

cost  £13  per 

carat) 

it 

£2,993 

19.95s. 

Boring  Bits 

n 

£50 

0.33s. 

Oil  and  Repairs 
Casing  and  Reaming 

ty 

£203 

„          1.35s. 

>i 

Nil. 

Nil. 

»> 
»» 
If 


>» 


Total         ...      £6,500        or        43.34s  per  foot. 
In  this  hole  1  carat  of  carbons  bored  only  13^  feet. 
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Outaide  view 
Mivati't  Hydntulie  feed. 
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Sectional  view 
Sullivan*  Hydraulic  feed 
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The  Mre-barnl. 

Tit*  r»daeiag  plug. 

The  ealyx. 

Tht  top  of  oalyx,  uih^rt  uelocitg 

of  water  dimwUhet. 
Ttta  hollow  drill  rodt. 

iodieat*  tht  direction 

'f  the  water  current. 
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Seetloital  view  of  Davi^^  Cali/x  Drill 
in  operation. 
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26.— HYDRAULIC  SLTTIGIN6  AND  DREDGmO  FOR 
GOLD. 

Bv  J.  H.  Ho.v.^LDSON,  M.E. 

(Plaks  XXIX.— XXXL) 

It  would  be  impossible  witbin  (be  limits  neceasarilj-  im- 
posed on  a  paper  infended  for  this  AsBociatinn  to  enter  into  a 
<Ietailed  description  of  tlie  subjept,  and  the  more  salient  features 
only  will  be  afcetcbeil.  The  utility  even  of  briiigiiig  this  subject 
before  a  South  African  audience  may  possibly  he  questioned, 
and  it  may  be  objected  that  there  is  little  ground  in  South 
Africa  poaaeaaiug  the  richness  and  character  requisite  for  the 
successnil  application  of  systems  of  mining  unequalled  in 
cheapness.  In  opposition,  however,  In  this  possible  view,  it  may 
be  urged  tliiit  it  took  Australia  sixteen  years  to  follow  the  lend 
of  New  Zealand  in  dredging,  and,  although  it  has  been  the 
unfortunate  duty  of  the  writer  during  much  of  the  past  two 
years  and  a  half  to  advise  others  against  entering  on  dredging 
projects  in  different  parts  of  Soutii  Africa  and  of  Madagascar 
where  conditions  did  not  happen  to  be  suitable,  it  cannot  be 
assumed  that  nn  suitable  ground  exists  in  either  place.  It  ia 
the  hope  of  the  writer  that  this  short  paper  may  prove  of  some 
slight  interest  and  use  to  others  who  may  have  come  in  contact 
with  ground  in  the  country  amenable  to  ti'catment  by  one  or 
other  of  the  methods  to  be  described. 

It  will  be  evident  that  the  processes  under  review  are  appH- 
<Mble  not  only  to  alluvial  gold,  but  to  stream  tin  and  to 
diamond  if erous  alluvial  deposits. 

It  is  not  an  unreasonable  assumption  that  tliegold  first  used 
by  man  was  won  from  alluvial  graveln,  and  that  only  later  as 
art  advanced  step  by  step  falteringly,  through  the  long  ages, 
were  the  stores  of  golden  grains  locked  by  nature  in  her  rocky 
storehouses  brouglit  under  contribution.  It  is,  moreover, 
undoubted  that  the  biilk  of  the  gold  found  throughout  the 
world  waa.  till  within  quite  recent  times,  the  product  of  alluvial 
digging,  and.  aa  there  is  nothing  new  under  the  aun,  it  needs  no 
great  stretch  of  imagination  to  picture  a  miniature  "alluvial 
rush"  in  primaeval  times,  when  the  matter  of  disputed  claims 
waa  settled  bv  the  expert  use  of  the  shinbone  of  an  ox  or  of  a 
smooth  pebble  from  the  brook.  It  is  known  that  as  far  hack 
as  1100  B.C.  the  Phtenicians  were  working  the  gold  placers  of  the 
Guadal(|urvcr  in  Spain ;  possibly  they  even  knew  of  the  "banket" 
formatious  in  that  country. 

It  appears,  however,  to  have  been  reserved  for  modem 
tiroes  to  witness  "alluvial  rushes,"  which  dislocated  the  frame- 
work of  society  and  sucked  into  their  wild  vortex  individuals 
from  all  countries,  of  all  colour,  of  every  creed,  and  of  any  or  no 
trade  or  profession.  Such  were  the  rushes  to  California,  Aus- 
tralia, and  New  Zealand,  scarcely  more  than  half  a  century  ago. 
wlien  sailors  dcHcrted    (heir  ships   in   Sun   Francisco  and    Mel- 
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bourne,  when  poets  and  bill-posters,  schoolboys  and  Teterans, 
tradesmen,  labourers,  professional  and  cleric,  intoxicated  with 
anticipation  of  wealth,  braved  endless  privations  in  a  mad  rush 
for  the  goldfields.  Vast  as  have  been  the  quantities  of  gold  so 
won,  the  richest  and  the  best  of  these  diggings  have  had  but  an 
ephemeral  existence  as  ''diggings,"  but  to  the  countries  in 
which  they  occurred  the  result  has  been  deep  and  permanent. 
Beef-mining,  agriculture,  and  commerce  have  digged  the  foot- 
steps of  the  hardy  alluvial  pioneer,  and  country  has  been  thereby 
opened  up  and  developed  with  a  rapidity  probably  never 
equalled. 

The  comparatively  rapid  exhaustion  of  the  rich  alluvial 
gravels  accessible  to  the  digger,  and  the  wealth  amassed,  acted 
as  an  incentive  and  provided  the  means  for  attacking  the  large 
deposits  of  gn^vel  too  poor  to  repay  the  individual  digger  with 
his  simple  and  crude  appliances.  From  this  point  we  have  the 
evolution  of  hydraulic  sluicing,  to  be  followed  later  on  by 
dredging. 

The  treatment  of  alluvial  deposits  for  the  winning  of  gold 
is  in  general  effected  by  the  following  three  methods: — 

(a)  By  alluvial  miners  or  "  diggers ""  making  use  of  pick 
and  shovel  and  simple  gold-saving  appliances,  such 
as  the  dish  or  pan,  the  cradle,  or  a  rudimentary 
sluice-box  in  conjunction  with  water;  also  on  rare 
occasions  by  the  use  of  dry-blowing  apparatus  when 
water  is  unobtainable  and  the  yield  of  gold  is  high, 
as  was  the  case  in  the  early  days  of  Coolgardie  and 
Kalgoorlie.  in  Western  Australia. 
ife^  By  hydraulic  sluicing. 
<r^  By  dredging. 

HTDRAFI-IC    SLlICrXG. 

In  its  origmal  form.  and.  where  applicable,  hydraulic 
sluiohig  pnwidos  the  simplest  and  cheapest  method  of  recovering 
alluvial  gold.  Water  supplies  at  once  the  pK>wer  for  breaking 
down  and  disintegrating  the  gravel  depH>s:t.  the  medium  for  the 
separation  of  g\>ld  fr\>m  gravel,  and  :he  vehicle  for  transporting 
the  debris. 

Tl.o  ossontial  ox^nditions  for  its  successful  application  in  its 
sinipMvitY  art\  f*rst.  a  largv*  supply  of  water  a:  a  considerable 
eleva:iv  r.  aVwo  and  capable  of  Winff  brx^ucliT  wi;hin  a  reason- 
able  distance  of  the  working  |>*-int.  and.  seox^nd'.y.  a  sufficient 
faV.  t^r  cv-:-aw^Y  for  iho  debris.  An  ab^n^x*  .^f  one  or  both  of 
the^^  conditions  has  *t>:  ^^  tl.o  in:r\v*v.o:iv"^n  of  inc>?nious  mo^liti 
cations  xrhorebY  the  dcncionry  n;ay  W  n^ado  g>»: :  and  we  may 
i>n\venion:'Y  c'.assifY  '.ho  svs:er.;  and  i:s  r.-.viif.cAtions  as 
follows:  — 

A,  Hy»:ra*.:lii"  slv.i.  inc  wi^h  ;a  r.atv.r^l  hta^:  of  water  and 

s':**:-  icn:  faV;  for  a  c*ear  iinr't-Aw;)iy  for  ;he  debris. 
K  Hydra ulii-  slv.iciivg  witl\  a  natv.ral  hc^d  of  water  and 
a  hvi!ra^a*:i  elevaior,  but  w:tbo\::  a  clear  cet-awav. 
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c.  Hydraulic  sluicing  with  a  natural  head  of  water  and 

a  water-driven  centrifugal  pump  elevator,  but  with- 
out a  clear  get-away. 

d.  Hydraulic  sluicing  with  an  artificial  head  of  water, 

and  with  sufBcient  fall  for  a  clear  get-away. 
E.  Hydraulic  sluicing  with  an  artificial  head  of  water, 
without  fall  for  a  clear  get-away,  and  with  a  centri- 
fugal pump  elevator. 
Methods  a,  b,  and  c  necessitate  a  large  water  supply  at 
considerable  elevation.     It  seldom  occurs  that  such  a  supply  is 
found  in  close  proximity  to  the  deposit,  and  it  is  usual  to  tap 
some  stream  or  streams  at  a  sufficient  elevation,  and  lead  the 
water  in  a  channel  or  *^  ditch,"  with  a  fall  of  from  6  to  20  feet 
to  the  mile,  and  following  the  contour  of  the  hillsides  to  a 

Eoint  above  and  as  close  to  the  work  as  practicable.  These 
ead  races  or  ditches  are  sometimes  of  extraordinary  length,  as 
in  the  case  of  the  Milton  Ditch  in  California,  which  was  84 
miles  long.  Particulars  of  a  few  Californian  ditches  are  given 
in  the  following  Table  A  :  — 

TABLE    A. 

•examples  of  c'aliforxian  ditches. 


Length 

in 
Miles. 

W 

in 

At 
Top. 

idth 
Feet 

-* s 

At 
Bottom. 

Depth 

in 
Feet. 

Grade 

in  Feet 

per  Mile. 

CJost. 

Discharge 

in 
Cub.  Ft 

per 
Second. 

North  Bloomfield... 

55 

8.65 

5 

3^ 

16 

£ 
93,340 

80 

Milton  Oompanv  ... 

84 

7.6 

4 

H 

12  10  30 

92,600 

75 

Eureka  Lake 

18 

— 

— 

— 

— 

51,000 

62 

San  Jiian  &  Branches 

45 

— 

— 

— 

— 

58,598 

32 

Excelsior  Smartville 

33 

8 

5 

4 

9 

42 

La  Grange 

2<> 

9 

6 

4 

7  to  8 

90,000 

60 

The  greater  part  of  La  Grange  ditch  is  cut  in  granite. 

From  the  end  of  the  ditch  the  water  is  led  in  thin  wrouirht 
iron  pipes  from  16  to  24  inches  or  more  in  diameter  down  the 
hillside  to  a  "Giant"  or  "Monitor,"  provided  with  a  nozzle 
which  may  vary  from  IJ  to  6  inches  in  diameter.  The  "Giant" 
has  a  swivelling  movement  horizontally  and  vertically,  and 
throws  a  jet  with  tremendous  force  wherever  required  against 
the  gravel  bank.  The  velocity  of  flow  from  a  nozzle  under 
various  heads  of  water  is  shewn  in  the  following  table :  — 
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Hearl  of  water  in  feet. . .  50  100  150  200  250  300  350  450 
Velocity  of  jet  in  feet 

per  second  ...  57      80      98    113    127    139    150    163 

J/ethod  A, — Where  a  good  fall  exists  the  water  and  the 
gravel  are  led  away  in  a  sluice  cut  in  the  bedrock  and  pitched 
with  cobbles  or  wooden  blocks.  The  gold  is  caught  tetween 
the?  interstices  of  the  paving,  which  is  taken  up  at  intervals  in 
order  to  collect  the  gold.  It  is  a  common  practice  to  pour  a 
quantity  of  mercury  into  the  sluice-box. 

Where  an  insufficient  fall  exists,  methods  b  and  c  may  be 
employed,  and  in  both  cases  a  portion  of  the  water  is  used  as  the 
motive  power  in  elevating  the  debris  and  the  water  already 
used  for  breaking  down  the  gravel. 

Method  B,  The  hydraulic  elevator  in  essence  consists  of  a 
i'olumn  of  pipes  placed  more  or  less  vertically  with  the  lower 
<^nd  leading  from  a  sump-hole  into  which  the  broken  down 
gravel  is  swept,  and  with  the  upper  end  delivering  on  to  an 
elevated  sluice-box.  A  jet  of  water  from  the  power  column  is 
introdu(;ed  to  the  lower  end  through  a  specially  constructed 
])ip<»  and  nozzle.  The  rush  of  water  from  the  nozzle  is  sufficient 
to  suck  up  the  water,  gravel,  and  gold  from  the  sump-hole  and 
forre  the  mixture  upwards  through  a  constricted  and  hardened 
thront -piece  and  the  rising  column  to  the  elevated  sluice-box. 

By  this  process  water  and  gravel  can  be  elevated  from  10 
to  15  feet  for  every  100  feet  vertical  of  the  power  column. 

Method  (y. — The  centrifugal  gravel  pump  has  been  evolved 
from  a  long  course  of  experience  in  Australia,  and  is  noticeable 
for  the  special  form  given  to  the  runner,  the  renewable  hardened 
internal  lining,  the  remarkable  resistance  to  wear  and  tear, 
llie  gcMieral  high  working  efficiency  and  the  large  amount  of 
nmt(Mial  it  can  treat.  The  actuating  power  in  Method  (*  is 
ol>tain(»(l  through  a  Pelton  wheel  fixed  on  the  pump  shaft,  or  on 
an  indepcMident  shaft,  and  driven  by  water  from  the  main 
power  column.  As  in  the  preceding  method  the  gravel  and  the 
water  are  sucked  from  a  sump-hole  and  elevated  through  a 
rising  column  of  pipes  12  to  15  inches  in  diameter  to  an  elevated 
slni(H»-l>ox. 

A  convenient  arrangement,  and  one  which  the  writer 
adopti^l  for  use  in  a  flat  river  valley  in  Portuguese  Manicaland. 
is  to  mount  the  pump  and  Pelton  wheel  on  a  pontoon  to  facilitate 
changing  their  position  from  point  to  point  as  work  progresses. 

In  this  and  in  the  preceding  method  the  debris  is  stacked 
on  a  spoil  heap,  which  usually  occupies  a  space  from  which  the 
gravel  has  Wen  previously  hydrauliced. 

}fethod  D.  -It  n«>t  unfrequently  happens  that  auriferous  or 
tin-bearing  «leposits  occur  in  elevated  positions,  to  which  it  is 
practically  or  economically  impossible  to  lead  a  water  supply 
for  simple  hydraulicing.  Most  experienced  alluvial  miners  are 
acquainted  with  such  instances,  and  many  have  been  the 
schemes  and  manv  the  failun^s  assoc^iated  with  these  conditi<^ns. 
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Becourse  has  generally  been  had  to  steam-driven  pumps  for  the 
purpose  of  elevating  the  water  from  dam  or  river  at  a  lower 
u-vel  aiii]  to  provide  the  necessary  velocity  from  the  "giant 
nozzle'*  for  lireakiiig  down  the  gravel. 

The  failures  under  this  niethiKl  may  be  attributed,  apart 
from  insutfident'y  ui  gold  or  water  supply,  to  an  uiider-estimate 
of  the  power  required  to  elevate  the  large  supply  of  water  abao- 
lulely  necessary.  As  every  100  cubic  yards  of  gravel  require 
1.000  tona  of  water,  more  or  less,  it  is  evident  that  the  power 
required  mnst  be  a  most  serious  consideration,  and  that  only 
ground  of  comparatively  high  value  will  justify  the  initiation 
<if  such  a  scheme. 

Mefhoif  E. — Af  first  blush  the  conditions  obtaining  under 
this  head  would  appear  to  impose  diffirnlties  of  too  serious  a 
nature,  particularly  in  the  case  of  rather  poor  ground,  to  admit 
of  snccessful  results.  Yet  strangely  enough  the  method  to  be 
ileaeribed  has  been,  and  ia,  successfully  applied  in  Victoria  and 
2?ew  South  Wiilea  to  ihe  treatment  of  gold  and  tin-bearing 
{ground  varying  in  depth  from  12  to  60  feet,  and  even  to  80  feet. 
Table  u,  compiled  from  particulars  given  in  "The  Aus- 
tralian Mining  Standard"  of  .January  14.  1904,  shews  that 
certain  sluicing  companies  in  Victoria,  with  a  capital  of  from 
i'2,000  to  £8,000,  are  working  around  in  abandoned  alluvial 
diggings,  and  in  stream  lieds  of  a  value  of  from  -t.lT  to  o.S 
grains  of  gidd  per  cubic  yard  to  profit  on  the  small  capital 
involved. 

This  method  of  bydrauHc  mining,  frequently  misnamed 
hydraulic  dredging,  may  be  shortly  described  as  follows:  — 

The  plant  consists  of  a  pontoon  strongly  constructed  of 
(■rossed  pine  baulks,  sheathed  with  pine  planks,  on  which  are 
placed  two  high-pi-essure  tubular  boilers,  a  compound  condens- 
ing engine,  one  centrifugal  pump  for  creating  the  mtificial 
head  and  forcing  the  water  through  the  giant  noKzle  tor  break- 
ing down  tlie  gravel,  and  one  centrifugal  gravel  pump  for 
sucking  up  the  gravel  and  discharging  it  and  the  accompanying 
water  on  to  an  elevated  sluice-bos.  where  the  gold  or  stream  tin 
is  caught.  In  certain  cases  part  of  this  sluice-bos  is  erected  on 
the  pontoon,  and  the  remaining  portion,  leading  to  the  dump, 
ia  erected  on  trestles,  but  the  better  system  is  to  have  the  whole 
e'rected  on  independent  trestles. 

The  pontoon  at  the  beginning  of  a  cycle  of  operations  is 
settled  on  a  levelled  portion  of  the  bed-rock  as  near  the  gravel 
bank  as  practicable,  the  jet  from  the  giant  noKzle  is  directed 
against  the  gravel,  which  is  swept  along  a  channel  prepared  in 
the  bedrock  to  the  sump-hole  close  to  the  pontoon,  from  which 
the  gravel  pump  sucks  water  and  gravel,  and  then  discbarges 
them  through  12  or  14  inch  sloping  pipes  to  the  elevated  sliilce- 
bos,  as  illustrated  in  PI-  XXIX.,  Fig.  I.  which  shews  one  of  the 
rlaims  of  the  late  Hon.  .John  Wallace,  at  Tackaudandab,  Vic- 
toria. 
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When  the  gravel  face  gets  too  far  from  the  pontoon  to 
allow  the  gravel  to  be  swept  to  the  sump-hole,  a  new  site  is 
prepared  for  the  pontoon,  the  paddock  is  flooded  with  a  sufli- 
cient  depth  of  water,  and  the  pontoon  is  floated  to  its  new 
position,  the  water  is  pumped  from  the  paddock  by  the  centri- 
fugal pump,  or  is  drained  by  a  tail-race,  the  various  pipes  and 
sluice-boxes  are  refixed  and  hydraulicing  is  begun  again. 

The  sluice-box  is  at  least  80  feet  long  by  5  feet  wide,  and  is 
provided  with  special  riflBes  and  perforated  plates  for  catching 
the  gold. 

To  run  this  plant  night  and  day  from  24  to  30  men  are 
employed,  and  the  working  cost,  of  which  fuel  forms  a  large 
item,  particularly  where  the  depth  of  gravel  is  great,  is  under 
favourable  conditions  3d.  per  cubic  yard,  but  may  run  as  high 
as  6il.  In  economy  it  cannot  compare  with  simple  hydraulic 
sluicing  or  even  with  bucket  dredging,  but  it  is  superior  to  the 
latter  system  in  permitting  the  bed-rock  to  be  thoroughly  cleaned 
up,  and  in  being  particularly  applicable  to  ground  where  large 
boulders  occur.  It  is,  however,  evident  that  it  can  only  be 
advantageously  employed  in  ground  that  is  not  heavily  water- 
logged or  from  which  inflowing  water  can  be  readily  drained. 

DREDGING. 

As  the  class  of  auriferous  ground  available  for  the  simple 
operations  of  the  alluvial  miner  or  the  more  elaborate  installa- 
tions of  the  hydraulic  miner  became  rarer,  attention  was 
directed  to  the  untouched  gravels  lying  in  river  beds,  water- 
logged valleys,  and  even  to  ground  which  had  been  already 
worked  by  hand. 

The  first  attempt  to  work  this  class  of  ground  by  a  system 
of  dredging  appears  to  have  been  made  on  the  Clutha  Kiver, 
near  Alexandra,  in  the  Middle  Island,  New  Zealand,  by  a  man 
named  Brown,  who  constructed  a  simple  spoon-bucket  dredge. 
Mr.  W.  H.  Cutten,  of  l)unedin,  thus  describes  it :  — 

*  *'This  spoon  was  simply  an  iron  ring  and  ox-hide  bag, 
attached  to  a  long  pole,  with  a  hauling  rope  fastened  to  an  iron 
ring  and  led  ashore  to  a  hand-winch.  The  method  of  working 
was  to  carry  the  pole,  with  the  bucket  attached,  out  into  the 
river  in  a  boat,  and  drop  it  down  to  the  "wash"  at  the  bottom, 
pressing  the  bucket  down  by  means  of  a  pole,  while  the  whole 
contrivance  was  hauled  along  the  bottom  to  the  shore  by  the 
winch.  The  "wash"  thus  obtained  was  then  cradled  in  an  ordi- 
nary miner's  cradle." 

The  next  step  was  the  fitting  of  spoon  and  winch  on  a  punt 
and  collecting  auriferous  wash  on  it  to  be  cradled  in  the  ordi- 
nary way.  About  the  year  1870  a  man  named  Sedeberg  applied 
steam  power  to  a  spoon-dredge,  but  the  operations  of  this  and 
other  spoon-dredges  were  greatly  retarded,  and  in  many  cases 

*  W.  H.  Cattrn,  '« Dredging;  m  a  ProfiUble  Means  of  Working  AUoTial 
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lendered  ineffective  by  the  large  quantities  of  tailings  dis- 
charged into  the  Clutha  from  the  sluicing  claims  operating  on 
the  banks. 

Finally,  at  the  instigation  of  an  engineer  named  Charles 
McQueen,  a  company  was  formed  by  Dunedin  and  Alexandra 
men  to  construct  a  large  elevator  bucket  dredge,  whicJi  started 
work  in  1882  on  the  Clutha  River.  To  Charles  McQueen 
belongs  the  credit  of  practically  initiating  in  dredging  a  system 
of  placer  mining  which  has  had  a  wide  application  in  Xew  Zea- 
land, Australia,  and  America,  has  reached  Borneo,  Siberia,  and 
South  Africa,  and  is  to  be  again  tried  in  Madagascar. 

Quoting  again  from  Mr.  Cutten,  we  find  him  saying,  **In 
the  year  1889  a  wealthv  and  enterprising  Chinaman,  named 
Sew  Iloy,  took  up  a  claim  on  the  Shotover,  a  tributary  of  the 
Clutha  Kiver,  which  was  known  to  be  rich  in  gold  in  the  early 
days.  A  company  was  formed  of  three  hundred  £10  shares,  and 
a  small  steam-bucket  dredge  put  on  the  claim.  Although  the 
ground  had  been  thrice  worked  by  hand,  twice  by  Europeans 
and  then  by  Chinamen,  the  dredge  got  so  much  gold  that  the 
£10  shares  rose  to  nearlv  £250  each.  A  boom  set  in,  and 
ground  was  taken  up  in  all  manner  of  places,  quite  regardless 
of  its  gold-bearing  qualities." 

Before  proceeding  to  describe  a  modem  bucket-dredge,  it 
may  be  well  to  refer  to  the  conditions  under  which  it  can  work. 
Everyone  is  so  familiar  with  harbour  dredges  and  their  mode  of 
operation  that  it  is  necessary  to  correct  certain  pre-conceived 
ideas  that  may  not  unnaturally  be  formed  regarding  the  scope 
and  the  effects  of  gold  dredges. 

The  object  of  a  harbour  dredge  is  to  give  greater  depth  to 
channel  or  berth  by  the  removal  of  mud,  sand,  and  gravel, 
and  to  this  end  the  material  dredged  is  discharged  from  the 
buckets  into  a  hopper  in,  the  dredge  itself  or  into  independent 
hoppers,  and  in  either  case  the  material  is  taken  out  to  sea  and 
discliargcd.  In  a  gold  dredge,  however,  the  material  raised  at 
the  front  of  the  dredge  is  merely  passed  over  gold-saving  appli- 
ances and  delivered  behind  the  dredge  into  the  river  or  valley 
from  wliich  it  was  taken:  and  in  the  case  of  a  river,  whether  it 
i'arry  a  depth  of  water  or  be  only  a  string  of  water  holes,  there 
need  be  no  change  of  general  conditions  through  the  operation 
of  dredging. 

Familiarity  with  harbour  dredges  naturally  engenders  the 
idea  that  a  considerable  depth  and  flow  of  water  are  necessary 
for  the  operations  of  a  gold  dredge,  and  it  is  on  this  feature 
particularly  that  one's  ideas  require  adjustment.  Suffice  it  to 
say  in  this  regard  that  wherever  sufficient  water  exists  in  the 
gravels  or  can  be  led  into  the  dock,  or  "  paddock  "  as  it  is  termed 
in  dredging  parlance,  to  float  the  dredcre,  there  the  operations 
can  be  carried  on.     (Sncc  PI.  XXXI..  Fig.  I.) 

Dredging  in  Xew  Zealand  was  for  many  years  confined  to 
river  beds,  where  no  difficulty  existed  in  depositing  the  debris 
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Wliiiid  the  dredge,  but  in  18'J4  Mr.  W.  H.  Cutteu,  of  Duiiedin, 
renlising  llie  i-nornioiia  posBibilities  existing  iit  ihe  gravel  o£ 
wide  river  valleys  wlio^ie  surface  atood  Uigli  above  the  normal 
water  level,  designed  a  continuous  bucket  or  tray  elevator  for 
stacking  the  tailings  at  tbc  stern  of  the  dredge.  This  device 
**  caught  on  "  at  once,  and  widened  euoruioualy  the  field  for 
dredging.  Dredges  working  under  these  conditions  are  shown 
■q  Fig  y.  PI.  XXIX..  nnd  Fig.  1.  I'l.  XXXI.,  which  illustrate 
n.rk  in  Ariilufn  VuUey.  Xew  South  Wales. 

"Wiiiiiii  the  limits  of  a  short  paper  such  as  this  it  is  irapos- 
iblf  to  give  anything  but  a  general  sketch  of  the  features  of  a 
gold  dredge,  and  if  may  suflScientty  elucidate  tbe  subject  to  give 
the  fi.illowinir  brief  description  :  — 

The  hull  is  built  of  timber,  except  in  tbe  rather  rare  cases 
where  special  conditions  have  led  to  the  use  of  iron  or  steel,  and 
in  plan  it  is  usually  rectangular  in  shape,  from  85  to  110  feet  in 
length,  25  to  ^iO  feet  in  width,  while  in  depib  it  ranges  from  5 
7J  feet.  Itnnning  longitudinally  from  the  bow  for  two- 
thirds  of  Ihe  length  is  an  open  space  or  "  well,"  allowing  a  free 
upward  and  downward  movement  In  the  bucket  ladder.  In 
ewift-runniiiir  rivers  tbe  square  ia  preferable  to  the  tapered  bow, 
as  leas  "  jawing  "  rcsultB,  but  ihe  underside  of  tbe  bow  is  sprung 
or  bevelled  upwards.  For  working  in  "  paddocks  "  the  bow  is 
rounded  at  the  corners  to  facilitate  working  in  tbe  confined 
epsre. 

ThP  bucket  ladder  ia  strimgly  constrncted  of  steel,  and  is 
suspended  at  the  upper  end  by  trunnions  resting  on  tbe  gear 
framewiuk,  and  at  the  lower  end  by  a  steel  wire  rope  attached 
through  Iieavy  multiplying  blocks  hung  on  a  gantry  at  the  bow 
itniddling  the  well,  to  a  drum  of  the  winch,  and  can  thus  be 
raised  or  lowered  at  will. 

Tbe  buckets,  constructed  of  steel,  with  heavy  spriug  steel 
tips,  usually  form  the  alternate  links  of  a  continuous  chain,  but 
America  they  sometimes  constitute  each  link.  Their  capa- 
city in  niotrern  dredges  ranges  from  4  to  7  cubic  feet,  and  they 
move  at  a  speed  of  10  to  12  per  minute.  Tbe  buckets  deliver 
their  load  on  a  drop  shoot,  and  from  this  point  there  are  two 
metliods  of  treating  the  gravel. 

In  the  simpler  method  the  auriferous  gravel  is  delivered 
into  H  gold-saving  sluice-box  of  the  ordinary  type,  but  provided 
with  special  riffles,  and  is  finally  discharged  as  far  as  possible 
tiehind  the  dredge.  It  is  evident  that  this  class  of  dredge  can 
only  be  used  in  rivers  or  flats  where  the  gravel  is  low-lving  and 
rnmpamtively  shallow.  (See  Fig.  I.  PI.  XXX.,  illustrating 
Tulloeb  and  llughiiu's  Dredge,  Araluen  River,  Xew  South 
■Wnles.) 

In  tbe  second  method  the  gravel  passes  into  an  inclined  re- 
volving cylinder  or  trommel,  witli  perforations  varying  in  dia- 
meter from  J  to  ^  of  an  inch  at  the  upper  end  to  as  much  as  I 
inch  at  tbe  lower  end.     This  trommel  or  screen,  as  it  is  called. 
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may  vary  in  length  from  12  to  ;iO  feet,  in  (iiameter  from  3  Ut  \\ 
feet,  and  may  be  single  or  in  duplicate.   (See  Fig.  2,  PI.  XXX.) 

Placed  as  bigh  wilbin  the  screen  as  possible,  and  exteuding 
tbe  full  length,  is  a  water-pipe,  with  rows  of  perforations  tm  the 
under  side,  from  which  a  shower  of  water  plavs  on  the  gravel. 
The  coarse  gravel  passes  out  at  the  lower  enii.  and.  when  the 
conditions  do  not  necessitate  stacking,  falU  on  a  steel  shoot, 
which  drops  it  as  far  behind  the  dredge  as  possible,  as  shown  in 
Fig.  2,  PI.  XXX.  The  finer  material  and  the waterwhicli have  [ 
passed  through  the  perforations  in  the  screen  fall  on  a  series  of 
iables  generally  placed  athwart  ships,  sometimes  <m  one  side  and 
sometimes  on  both  sides  of  the  screen. 

The  tables,  whose  total  width  corresponds  tn  the  length  of 
the  screen,  constitute  the  only  gold-saving  appliance,  and  are 
divided  longitudinally  in  ;i  feet  widths.     They  are  covered  witb 
calico  overlaid  with  coarse  cocoa-nut  matting,  and  nn  this  again  1 
is  laid  wii-e  netting  or  expanded  metal.     TIip  upturned  edges  of  1 
the  expanded  metal  form  a  series  of  riffies  guarding  the  eoM  I 
entangled  in  the  rough  fibre  of  the  matting.     The  bulk  of  the  j 
gold  is  caught  at  the  top  of  the  tables  close  to  the  screen  and  on  I 
the  diviaiona  towards  the  top  end  of  the  screen.     ?*o  mercury  I 
is  used  in  the  operation.  I 

Where  the  gold  is  fairly  coarse  and  shotty,  this  arrange- 1 
ment,  crude  as  it  may  appear,  gives  surprisingly  good  result,  I 
but  where  flie  gold  is  light  and  flakey  there  is  no  doubt  that  a  J 
■ge  percentage,  possibly  at  times  as  high  as  -JO  per  cent.,  may  ^ 
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The  possible  occurrence  of  nuggets  too  large  to  pass  I 
through  the  perforations  of  the  screen  has  exercised  the  minds  J 
of  many  dredging  men,  and  a  series  of  strong  riffles  is  sometimes  J 
placed  jn  the  stone  shoot  leading  from  the  screen,  but  as  a  matter  J 
of  fact  little  gold  is  caught  at  this  point. 

Aa  previously  mentioned,  the  disposal  of  the  debris  wher«  1 
the  surface  of  the  ground  operated  nn  is  ^ery  little  above  water  ] 
level  and  the  ground  is  not  deep,  is  easily  effected  by  means  of  I 
shoots  leading  behind  the  stern  of  the  dredge.  But  whei-e  the  j 
debris  "  stacks  high  "  recourse  must  be  had  to  a  "  tailings  el 
tor  "  of  one  kind  or  another.  Tbe  sloping  continuous  irav  ele- 
vator  designed  by  Mr.  Cutten,  as  shown  in  Fig.  1.  PI.  XXXI..  1 
has  been  in  use  since  1894,  and  has  done  very  good  work.  In  I 
America  rubber  belt  conveyors  have  been  suggested  as  ii  sutsti-^ 
tute  for  the  ti-ay  belt. 

Another  extremely  ingenious  appliance,  invented  b.v  Mr.L 
Peek,  of  New  Zealand,  has  been  applied  during  the  last  threeB 
years  to  several  dredges.  It  consists  of  a  drum,  with  two  bladesfl 
or  beaters,  faced  with  heavy  manganese  steel,  making  1^40 J 
revolutions  per  minute.  The  gravel  and  sand  are  deliveredw 
into  the  drum  and  thrown  with  great  force  to  the  required  f 
height  behind  the  dredge.  Tailings  can  by  thia  method  be  1 
piled  to  a  height  of  70  feet  above  water  level.    The  first  cost  (»(*1 


tbia  elevator  and  the  sis  horse-power  driving  engine  is  small, 
the  wear  and  tear  are  slight,  and  on  account  of  its  lightness, 
compared  with  the  tray  elevator,  it  effects  a  great  economy  in 
the  cost  of  the  hull.  The  Ngapara  Dredge,  New  Zealand,  fitted 
with  this  appliance,  is  illustrated  in  Fig.  2,  PI.  XXXI. 

It  is  now  possible  to  dredge  to  a  depth  nf  50  feet  below 
water  level  and  to  stack  the  tailings  to  a  height  of  70  feet  above 
water  level,  at  a  cost,  under  favourable  conditions,  not  exceed- 
ing a  penny  per  cubic  yard,  facts  which  speak  vitlumes  for  the 
perseverance,  ingenuity,  and  management  of  New  Zealand 
engineers,  to  whom  is  chiefly  due  the  remarkable  progress  made 
in  this  industry. 

The  quantity  of  material  treated  by  a  gold  dredge  varies 
with  the  size  of  the  buckets  and  with  tJie  freedom  with  which 
the  gravel  falls  and  fills  the  buckets,  and  may  vary  fi-om  5,000 
to  16,000  cubic  yards  per  week  of  144  hours. 

The  work  is  carried  on  night  and  day  in  eight-hour  shifts, 
and  the  staff  for  actual  manipulation  consists  of  one  dredge 
master,  three  winchmen,  and  three  stokers,  while  sundry  other 
labour  is  necessary  for  bringing  fuel  on  board  and  for  effecting 
repairs.  The  cost  of  placing  a  dredge  in  commission  ranges 
from  £5.000  to  £12,000. 

Passing  reference  only  need  be  made  to  other  styles  of 
dredges,  such  as  the  Priestman  grab  dredge,  the  suction  dredge, 
and  the  shovel  dredge.  The  Priestman  dredge  has  been  pro- 
posed for  gold  dredging,  and  one  is  said  to  have  been  used  in 
Soutli  America,  but  it  (foes  not  possess  features  likely  to  com- 
mend its  general  adoption.  Suction  dredges  have  been  proved 
again  and  again  quite  unsuited  for  the  conditions  common  to 
SHch  work,  and  shovel  dredges  working  on  the  principle  of  the 
steam  navvy,  which  have  been  tried  in  the  United  States  of 
America,  do  not  seem  to  have  gained  favour  there  with  the 
dredging  public. 

The  processes  for  recovering  alluvial  gold  just  descril>ed 
are  in  no  way  intricate,  in  fact  they  look  "  as  easy  as  falling  off 
a  log,"  and  it  may  possibly  be  on  that  account  that  many  per- 
sons who  have  acquired  a  smattering  nf  the  sub.ject,  either 
theoretically  or  practically,  have  frequently  fallen  into  errors  in 
estimating  the  suitability  as  to  value  and  physical  condition  of 
ground  they  may  have  examined.  The  most  common  mistakes 
are  made  in  over-estimating  the  value  of  the  ground  through 
careless  or  inefHcicnt  methods  of  testing,  in  uuder-esttmating 
(he  ditficulties  arising  from  the  physical  conditions,  and  in  tlie 
application  of  wi'ong  methods  and  unsuitable  plant. 

Finally,  and  above  all,  the  initiation  of  permanent  work 
should  only  follow  thorough  and  satisfactory  investigation. 

The  laws  and  regulations  relating  to  dredging  have  l>een 
as  many  and  various  as  the  different  states  to  which  it  has  been 
introduced.  Each  Australian  state  must  needs  differ  in  its 
laws  from  New  Zealand  and  from  one  another,  as  in  their  rail- 
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wuy  K""K^*s»  tt^^^l  the  anomaly  was  at  one  time  seen  of  Xew 
South  Wales  levying  a  tax  of  one  pound  per  acre  per  annum 
for  (lied^ring  areas,  while  Victoria  levied  half-a-crown.  Latterly, 
however,  Xew  Soutli  Wales  fell  into  line  with  Victoria  and 
Queenshind  in  this  respect. 

It  lias  now  become  an  axiom  in  the  countries  where  dredg- 
ing has  obtained  a  footing  to  legislate  for  it  in  a  spirit  of 
liberality,  and  there  is  wisdom  in  this,  particularly  as  regards 
pros]>ecting  areas,  for  dredging  is  an  industry  dependent  on 
economy  in  all  directicms.  To  act  otherwise  is  to  stifle  the 
industrv. 


KXrT.ANATION   OF   TLATHS   XXIX. — XXXI. 

Pinto  XXIX.  : 

Via.  1.-- Power  Ilydi-Hulii*  Sliiicinjr.  Yiiokandandali.  Virtoria,  Australia. 
Fi^.  '2.— Pn>i>rietarv  l>retli:e,  Araluen  Valley,  N.S.W. 

Plate  XXX. : 

'    Via.  1.— TiilUvli  &  Hu^rluin's  DrtHke.  Araluen  R.,  X.S.W. 
Kijr.  i-Siifiila  Oo.'s  Pn^lirt*.  Tun>n.  K..  N.S.W. 

Plate  XXXI.: 

Fiu.  I.— i\Mi>i>li.l:ite*l  Oo.'^  Ditnlire,  .\niluen  Valley.  N.S.W. 

Fiu.  *2.— Npqiiini  l>n>l^.  X.Z.,  titte^l  with  Pei-k's  Centrifupil  Elevator. 
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Fig.  11. 

J.  H.  Ronaldson  :     Hydraulic  Sluicing. 
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Fig,  II. 
J.   H.   Ronaldaon  :      Hijdraulio  Sluicing. 
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is  absorbed  by  the  leaves,  split  up  into  carbon  dioxide  and 
oxygen,  with  retention  of  the  carbon  dioxide  and  exhalation  of 
the  oxygen.  Breathing  goes  on  both  day  and  night,  and  at  all 
seasons  of  the  year,  though  more  rapidly  in  summer  than  in 
winter. 

LIFE-HISTORY. 

A  tree  has  a  definite  life-history  as  an  organism,  with 
periods  of  growth,  maturity,  and  decline,  and  characteristic 
development  in  the  matter  of  form  and  size.  There  is  a 
marked  difference  in  the  rate  of  growth  of  different  trees,  and 
even  of  the  same  tree  at  different  ages.  Most  of  the  Pine 
family  grow  very  slowly  for  the  first  10  or  12  years,  and  much 
more  rapid  subsequently;  other  trees,  such  as  the  tulip  tree, 
grow  rapidly  for  40  or  50  years,  and  then  more  slowly.  Still 
others,  such  as  the  oaks,  have  a  very  regular  rate  of  increase 
throughout  the  growing  period.  Great  variation  exists  in  the 
age  at  which  trees  become  mature.  While  some  reach  matu- 
rity at  the  age  of  50  or  60  years,  many  of  the  most  valuable 
commercial  trees  only  reach  that  stage  at  the  age  of  150  to 
200  years.  The  redwood  of  California,  again,  is  not  mature 
before  the  aj?e  of  1,000  years.  A  tree  will  continue  to  make 
some  growth  through  its  maturity  and  decline,  though  during 
its  maturity  its  height  growth  has  almost  ceased  and  its  dia- 
meter growth  is  slow.  Decline  begins  when  the  destructive 
forces  exceed  the  growth  forces. 

Given  tlie  same  climatic  and  soil  conditions,  one  tree  will 
assume  one  form,  another  a  form  very  different.  The  beech 
will  form  a  round,  much-branched  top :  the  red  cedar,  a  slender 
tree  with  a  central  stem.  The  oak  will  reach  majestic  propor- 
tions; the  dogwood  will  become  nothing  more  than  a  shrub; 
the  hickory  will  form  heavy  elastic  wood,  the  birch  that  which 
is  light  and  brittle.  The  pine  will  yield  resin  and  turpentine; 
the  oak,  tannin ;  the  maple,  sugar.  Thus  each  preserves  per- 
fectly its  identity  in  external  form  and  internal  structure  and 
composition. 

RKPRODUCTION. 

A  tree  reproduces  either  by  seeds  or  buds.  In  nature,  re- 
production by  seed  is  more  common,  although  reproduction  by 
bud  is  quite  as  regular  as  by  seed  in  some  species.  The  ten- 
dency of  the  loquat  to  sprout  from  the  roots  and  of  oaks  to 
renew  growth  from  the  stumps  are  examples  of  bud  reproduc- 
tion. The  forester  in  handling  wood  land  depends  upon  both 
metliods.  Such  trees  as  reproduce  (mly  by  seeds  he  keeps  by 
leaving  seed  trees  distributed  over  the  land  when  the  crop  of 
timber  is  cut.  Those  that  reproduce  from  buds  renew  their 
growth  from  stumps  of  the  cut  trees.  Xot  only  does  bud  repro- 
duction take  place  when  the  buds  are  attached  to  the  parent 
tree,  but  also  when  separated  from  it.  A  tree  may  be  divided 
9  many  parts,  each  part  becoming  a  new  member.       This 
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fives  rise  to  propagation  by  ciittiiigB,  grafts,  and  buds,  iloiiy 
orest  trees  may  l;>e  propagated  by  cuttings,  and  nearly  all  can 
be  grafted  and  budded. 

FOOD. 

In  harmony  witli  all  otber  living  tbings,  trees  require  food. 
Their  food  is  composed  of  the  carbonic  acid  obtained  from  the 
air,  and  the  water  and  mineral  compounds  obtained  from  the 
soil.  Carbon,  oxygen,  hydrogen,  nitrogen,  magnesium,  cal- 
cium, iron,  sulphur,  phosphorus,  polassium,  and  chlorine  are 
called  essential  elements,  because,  with  ti*es,  as  with  all  other 
plants,  their  presence  is  ner.-essary  to  vigorous  life.  I  Hh^r  ele- 
ments are  absorbed  when  present  in  the  soil  in  soluble  form, 
but  their  absence  causes  the  tree  no  loss  in  vigour.  The  ele- 
ments ai-e  not  absorbed  separately  and  alone,  for  they  rarely 
exist  in  that  condition,  but  are  blended  together  with  one  an- 
other into  compounds.  Thus,  from  water  the  plant  obtains 
both  hydrogen  and  oxygen.  Potassium,  uitrogen.  and  uKygen 
are  oftea  united  in  the  form  of  potassium  nitrate  —a  valunble 
plant  food. 

SOLVBILITY  OK  PLANT  FOOD. 

Trees  aie  able  to  absoib  the  minei'al  compounds  only  as 
they  are  in  stdution  in  the  water  taken  up  by  Ihe  nwils,  ilany 
compounds  of  the  soil  which  contain  valuable  food  elements  are 
insoluble  in  water,  and  therefore  unavailable.  Thus,  while 
potassium  is  an  essential  element,  it  may  be  in  such  combina- 
tion with  aluminium,  silicon,  and  itlher  elements  aa  to  be  in- 
soluble and  useless.  Chemical  changes  are  slowly  going  on  in 
the  soil  by  which  insoluble  compounds  are  converted  into 
soluble  compounds.  Cultivation  and  fertilisatiim  hasten  such 
changes,  and  to  achieve  these  is  one  of  their  chief  pui-poses. 

atJANTITT   OF   FOOD. 

When  the  food  of  a  tree  is  in  available  form,  the  greater 
the  supply  the  more  rapid  the  growth.  Fertile  soil  has  an 
abundance  of  good  material,  with  the  result  that  a  tree  situaled 
upon  it  grows  rapidly.  Sterile  soil  is  deficient  in  food  mate- 
rials, consequently  a  tree  situated  upon  it  grows  slowly.  The 
same  cause,  together  with  the  conservation  of  moisture,  ex- 
plains the  difference  in  growth  between  cultivated  and  unculti- 
vated trees  upon  Ihe  same  kind  nf  soil.  The  cultivated  tree, 
with  its  larger  store  of  food  and  moisture  and  its  protection 
from  tHe  competition  of  weeds  and  grass,  rapidly  outstrips  its 
less  fortunate  neighbour. 

F,SSF.STI.\I.S  TO  GHOWTll, 

A  tree  can  only  grow  when  supplied  with  air,  light,  nmis- 
ture,  and  heat. 

A.ir  is  necessary  because  it  supplies  the  oxygen  used  in  I  lie 
process  nf  respiration,  and  holds  the  carbonic  acid  gas  used  in 
forming  starch. 
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Li^ht  is  essential  that  the  tree  may  carry  on  its  process  of 
digestion.  S<>  sensitive  is  a  tree  that  it  will  change  its  form 
and  habit  of  fjrrowth  to  obtain  the  quantity  it  needs.  In  a. 
thit-kly-phinted  group  of  trees  the  edge  will  bend  outwards, 
whilst  thnst*  in  the  interior  will  grow  tall  and  slender,  the 
grr»wtli  of  eafh  hastening  in  the  direction  of  greatest  light.  In 
the  abseiue  of  light  a  tree  ceases  the  process  of  digestion  by 
whirh  its  ffMhl  is  prepared  for  use,  and  in  a  short  time  ^ven  loees 
the  f»rgaiis  fonf*erned  in  its  preparation — that  is,  the chlorc»phyll 
bixlies  whirh  give  the  green  colour  to  the  leaves. 

The  neressitv  of  ni«»isture  is  a  matter  of  common  observa- 
tion.  Water  is  one  of  the  chief  agents  in  the  nutrition  of  a 
tree,  as  already  nientione  1.  entering  into  its  food  in  large  quan- 
titit-s  and  serving  as  a  carrier  of  fin^Kl  materials  from  the  root 
to  the  leaves.  With  the  diminution  of  its  water  sopply  a  tree 
less»-n>  its  growth  and  she  Is  pait  or  all  of  its  leaves  in  its 
endeavour  to  survive.  If  the  supply  continues  to  decrease  it 
final !y  withers  and  dies.  Yet  in  tht* ir  demands  for  water  tree* 
diftf-r  vastly.  Siime  ran  thrive  only  with  their  roots  in  con- 
stantly saturatetl  soil,  as,  ft»r  example,  the  Tamarack  of  the 
Xorthern  and  th»-  Bald  i'yprf-ss  of  tlni  Southern  States.  Theie 
is  every  degree  of  variat!»»n  between  trees  of  this  character  and 
thf»>f  of  the  de«i4*rt.  where  the  annual  rainfall  is  limited  to  a 
few  :n»-hes. 

Kvery  tree  is  adapted  ti»  a  certain  range  of  temperattue,. 
dep^-r.'l:3.g  upon  its  power  to  endure  heat  and  cold.  Some,  like 
thf  pii]i:is.  »i«n  thrive-  only  with  a  ti'nstantly  high  temperature, 
oti.t-is.  i:k»-  ni«»st  <f  the  i»aks.  ar\^  adaptetl  to  alternating  seasons 
of  i.ta:  and  ««»id:  sr.'!  ••th»:-rs.  as  s»»mt-  of  the  bin-hes  and  pop- 
lai>.  'ill.  ♦-iidurv  ext:»=*nit-  in,  I  ^  .•i;T:i^v.e:l  r«'ld.  pn>vide<l  they 
e\r»-T:-r.'--  a  sli-'it  p^-r;'*!  ea*  L  year  waim  enough  for  growth. 
S^^  :.  a«i;ip:,i^:"!*s  ;<«»••«!.!  i'»i  the  d:sTT:bT;::«»ri  of  forests  over 
nt-aT.y  :Le  wL<'.»  *•:  tht:-  t-anL's  surfa-v  ni-:  oonstantly  covered 
by  i't*.  ;jnd  als  '  laTir^-.y  ior  the  «  Lara*  :ei  of  the  forests  in 
d:r»-ni;T  n-ir:"i:>-  T^-Ti-t-^iaT^re  and  irn-isiiire  principally  deter- 
jiiii,*'  i'-n-s:  distiibini*  :,  a:..;  ^rTv.wih.  I;  -snot  uncc^nimon  to 
iiii-]  vriv  di^rTviiT  ct'-wtL  «*i.  \'te  n^iiL  s:  :e  .'i  a  mountain  from 

yrKF<  T  or  (Hvn^-f  in  sri:Ko\M>i\..<. 

A  '  l.iiiiiTf  :yj  tIm-  s:iT7>r.:;  t:nirs  ••:  a  Tivn-  a. ways  mrnlifies  its 
liab'T  '-i  crr.wi],.  I:  :iir  .Lance  :>  i-.wards  more  favourable 
snTT"'.ir;d:nir>.  Tht*  T\->v.h  :>  fH-i-n  in  in- it-asf-d  vip-.m,  and  rate 
oi  iri'-TKili  ;ind  s:7t*:  li  1"W:it.]>  '.ir.fav.-r.Tabiv  siiiTv^imdings,  the 
ievt-!>t  w.r.  If  M'u\  TliO  siaitly  K".  ii'\T»';r;>  TTtn-  \4  Gippsland 
i>  Tf-iiJ'-tv]  "!••  ii  >l:7ub  :n  T];e  Ma,.tv.  TLo  Tvas>on  for  this  is 
lliiii  ii  :>  o\v.  i'i  :'<  :anirt-  '■:  a.iapiar!.:..  Many  other  spcK^ies 
wLi'lj  gr^xr  lal.  ai.ii  v.--isr-];kt-  -.n  A  ^  lori^  ,^it--,  in  the  f^mi-arid 
plains  oi  ijnoiT.slaiui,  "kw  and  spivadin>:.  >ike  an  apple-tree. 
X«»T  i>  ilic  ioim  ihr  only  vaTiable  ihanimi.  i>n  the  western 
n.t  ..  iL;.  lfavt*>  aix^  iowi^t  in  nnmK'T,  sn-»a]ltT,  thic  ker,  and  much 
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rougher  than  on  the  Gippaluad  trees.  In  other  parts  of  the 
tree  there  are  differences  of  the  same  kinti,  though  they  itre 
not  80  noticeable  as  those  in  the  form  and  foliage.  Thesi'  varia- 
tions  have  resulted  from  the  difference  in  soil  and  climatic  cnn- 
■ditiona  to  which  the  tree  has  been  subjected.  The  difference  in 
form  between  two  trees  of  the  same  kind  in  different  localities 
Las  come  about  through  gradual  divergence  of  rharacleristii-3. 
To  a  certain  degree  changes  of  this  kind  can  be  brought  nb(jul 
in  practice.  When  a  gradual  change  is  made  in  the  surrrnind- 
ings  of  a  tree  a  corresponding  change  lakes  place  in  the  ti-ce 
itself.  Thus,  if  the  stock  of  the  eastern  Kucal.\-ptu8  he  slowly 
moved  west  through  manv  generations,  it  will  gradually  change 
in  form  anil  other  chararleristica.  and  become  like  the  western 
1ree;  and  it  is  obvious  that  this  change  is  necessary  to  enable 
it  to  live  under  the  new  conditions.  .Suilden  changes  in  the 
surroundings  of  a  tree  freauently  cause  its  death,  because  it 
■cannot  quickly  change  itself  to  meet  the  ref|Uiiements  of  its 
new  I'ontlitions.  The  Gippsland  Eed  Gum  moved  at  (nnc  lo 
the  semi-arid  Mallee  is  likely  to  die,  becmise  it  is  not  iidiiptcd 
to  the  conditions  of  soil,  light,  heat,  and  moisture  of  that  region. 
In  many  of  the  swamps  and  marshy  parts  of  Australia  wlieri' 
flnce  the  Eucalyptus  of  the  moialure-hiving  kind  used  to 
flourish,  the  draining  of  the  swamps  and  marshes,  and  conse- 
■quent  drying  out  of  the  soil,  has  caused  Ibe  death  of  the  trees, 
•Suddenness  and  intensity  of  change  often  accounts  for  the 
iailure  of  trees  to  thrive  when  moved  away  from  the  regions  to 
whieh  they  wei«  adapted.  This  is  also  why  eastern  trees  so 
<iflen  die  when  moved  to  the  west,  and  why  nursery  stock  grown 
in  a  given  vicinity  can  be  more  safely  planted  than  that  grown 
in  a  distant  i-egion.  It  is  a  practical  matter,  and  shoubl  he 
^ne rally  understood. 

I'RACTItAl.   VOUESTUy    I\    TUE    TRAKSV.^.U,. 

The  advent  of  the  mining  industry  on  the  Hand  emphasised 
the  scarcity  of  limber  for  mining  purposes  in  the  neighbour- 
hood and  the  disadvantages  of  not  having  a  good  supply,  imd 
inquiries  were  made  as  to  the  most  practical  and  ccnnomiciil 
means  of  procuring  timber.  Seeing  that  the  mining  coni- 
punios,  in  some  instances,  held  large  ureas  of  fertile  land,  many 
flf  them  adopted  the  excellent  idea  of  planting  out  plantations 
nf  Eucal>-ptus  trees,  knowing,  as  many  of  Ihem  did,  the  excel- 
lence of  Ibis  timber  for  their  req^uirements.  Their  efforts  were, 
bowever,  of  very  little  avail,  owing  to  the  unfortunate  circnm- 
stance  of  having  planted  the  wrong  varieties.  Xor  was  this  the 
only  mistake,  as  it  was  found  that  the  soil  and  climatic  condi- 
tions were  so  favourable  for  the  production  of  trees  that  an 
«rror  was  made  in  planling  them  too  closely  together,  theieby 
causing  them  to  grow  skywards  too  quickly,  and  liecome  lank. 
This  has  eilher  been  the  result  of  want  of  knowleilge  of  the 
t-haract eristics  of  the  tree  planted  or  of  the  favourable  condi- 
tions ffir  the  growth  of  the  Irces  in  the  Transvaal. 
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The  principal  species  of  tree  planted  is  the  Blue  6am. 
For  mining  purposes  this  timber  is  practically  useless,  and  is 
always  rejected  in  Australia  in  favour  of  the  more  durable 
hanlwcxKlf^,  such  as  Yellow  Box,  Red  Gum,  Iron  Bark,  etc., 
which  preference  for  hardwood  is  reflected  in  the  respective 
prices,  Blue  Gum  being  obtainable  at  5s.  per  100  ft.  running 
measure,  and  Bed  Gum  at  14s.  for  the  same  quantity.  Blue 
Gum  is  useless  for  any  underground  work,  such  as  fencings 
posts,  railway  sleepers,  ground  plates,  etc.,  and  it  is  never  used 
for  bridge  piles,  beams,  piers,  or  telegraph  poles.  Whilst  the 
hard  wood  varieties  above  mentioned  are  all  in  great  demand 
for  fuel,  Blue  Gum  is  at  a  discount.  It  has  not  the  lasting  or 
heating  powers  of  Box  or  Red  Gum,  and  is  useless  for  charcoal. 
Red  (iuni,  on  the  other  hand,  is  unsurpassed  for  charcoal-mak- 
ing, and  is  preferred  by  many  smiths  to  the  best  coal,  on 
account  of  its  sparkless  nature.  It  alscj  takes  the  place  of  coke 
in  drying  hops. 

All  of  the  hardwoods  of  Australia  grow  well  in  the  Trans- 
vaal. In  some  plantations  I  have  seen  Red  Gum,  Stringy  Bark, 
Jarrah,  White  Gum,  and  many  other  varieties,  but  in  very  few 
instances  have  they  had  any  higher  value  set  on  them  than  the 
Blue  Gum,  through  the  want  of  knowledge  on  the  part  of  tho 
caretaker  in  charge.  In  one  plantation  I  saw  stringy  bark 
trees,  fiO  ft.  high,  only  12  years  old,  and  in  the  same  plantation 
there  is  a  clump  of  beautiful  Jarrah.  The  trees  are  the  pic- 
ture of  vigour,  and  are  sufficient  proof  that  this  valuable  timber 
tree  can  1k»  grown  in  the  Transvaal.  Xor  were  they  the  only 
ones  of  vnhH».  In  the  same  plantation  are  to  bo  seen  many  Red 
(hun  trees  doing  well,  notwithstanding  the  unfavourable  condi- 
tions nnder  wliicli  they  are  planted,  being  only  spaced  6  ft.  by 
4  ft.,  when  tliev  should  have  been  15  ft.  bv  15  ft.,  with  a  row 
of  Black  Wood  between. 

In  the  Botanical  Gardens,  Durban,  I  saw  a  fine  specimen 
of  Iron  Bark.  This  valuable  wood  is  used  throughout  New 
Zealand  for  girders  and  heavy  work.  The  girders  are  shipped 
from  Now  South  Wales  to  New  Zealand  under  the  supervision 
of  an  expert,  who  passes  all  timber  before  shipment. 

The  possibility  of  the  Transvaal  becoming  a  great  yielder 
of  hardwoods  is  illustrated  by  the  fact  that  a  large  number  of 
the  Australian  hardwood  trees  are  growing  well  at  the  present 
time. 

Below  is  appended  a  list  of  the  trees  that  will  grow  well 
in  the  Transvaal  and  become  valuable  as  timber  producers :  — 
Onlinary  Ndmes.  Ahoric/inuL 

Teak. 

Beech.  Binna  Burra. 

Cedar.  Woodgee. 

Cudge^}^  Cudgery. 

Boligum  or  She  Beech. 
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Oi-dinary  Xam^^.  Ahoi-i'jinnl. 

Blua  Fig  (makes  excellent  sculls). 
Rosewood,  Kinga  Kinga. 

Red  Bean.  Bogum. 

Brush  lion  B;iik. 
Red  Gum. 
Stringey  Bark. 
Yellow  Box. 
Black  Wood. 
All  the  above  are  valuable  timber  varieties.     Some  of  tliem 
ere  espoiled  to  Germany  to  mnke  piano  tops,  etc. 

The  less  useful  trees  ar«  the  following:— Ironwood  or 
IJooyoug,  HedrarHtmd,  Sour  Apple,  Soap  Box,  Snap  Short, 
Penfil  Cedar,  Black  Apple,  Cunluroy,  Tripe,  Sassafras,  Marble 
Wood,  Maiden's  Blush,  Satin  Wiii..l,'Lime,  Lemon  Tree,  White 
Bosewood,  Lilly  Pilly,  Taiuen.m  Tooliiacho  Tree  (Yill  Till)— 
id  to  cure  toothache — -Coolamau,Gray  Plum,  and  Water  Gum. 

FOUESTRV   DEPAItTUENT. 

In  order  to  inculcate  the  right  knowledge  aud  enthuHiaam 
regai-ding  li-eea  in  the  Transvaal,  it  seems  to  the  writer  that  a 
Forestry  Department  ia  required — to  be  under  the  control  of  a 
practical  man — which  will  distribute  trees  gratis  to  all  appli- 
oants.  The  Government  would  have  the  first  call  on  the 
forestry  department  for  trees,  to  be  followed  in  order  by  muni- 
cipalities and  associations,  farmers,  and  land-holders.  A  care- 
im  record  of  all  trees  distributed  should  be  kept.  Packing  aud 
delivering  (o  railway  should  Ite  done  free  of  charge,  the  eon- 
kignee  being  charged  only  with  the  carriage.  The  department 
to  have  free  access  to  all  lands  planted,  and  to  be  furnished  with 
b  statement  as  to  the,  condition  of  the  trees  which  have  been 
distributed  gratis.  This  practice  is  carried  out  in  South 
Australia  and  Victoria  by  the  respective  Governments,  and 
enormous  numbers  of  trees  are  distributed  annually.  These 
treea  are  nearly  all  sugar  gum  {Eucalyptun  croj/iiocolif),  and  for 
B  dry  region  this  is  one  of  the  most  suitable  amoi^.  timber 
Suealji-ptus.  This  species  was  selected  and  introduced  into 
Algeria  as  far  back  as  1861.  It  can  withstand  protracted  heat 
ind  cold,  and  is  certainly  deaen-ing  primary  consideration  for 
quick  wood  culture.  It  is  deplorable  that  planters  in  the  Trans- 
vaal have  been  almost  universally  unacquainted  with  the  special 
qualities  of  their  timber  in  reference  to  technical  applications. 

HOW  THK   IHII.WAY  DEPAIITMENT   CAN  ASSIST  FOIIF.STHT. 

If  the  railway  department  of  the  Transvaal  could  be  in- 
duced to  plant  trees  from  Volksrust  to  Germiston.  along  the 
(ailway.  Eucalyptus  on  the  southern  side,  and  Acacia  on  the 
lortliera.  the  benefit  and  saving  in  fuel  would  be  great.  Only 
lersons  experienced  in  locomotive  work  know  how  difficult  it  i"" 
0  maintain  steam  whilst  flying  across  that  bleak  portion  of 
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fount ry.  Nor  is  the  shelter  to  the  engine  the  only  mod  that 
would  result  from  the  planting*  of  trees,  as  they  would  be  de- 
veloping into  potentially  valuable  sleepers;  beams  for  bridges; 
gate  posts;  and  timber  for  making  and  repairing  tmeks.  A 
further  beneficial  result  of  the  suggested  planting  along  the 
railway  would  accrue  bv  reason  of  the  drainage  of  moisture 
from  the  road-bed,  which  would  obviate  sinking,  and  economise 
in  upkeep. 

The  Railway  Department  could  further  advance  the  «)bject 
of  forestry  and  horticulture  by  giving  liberal  prizes  to  station- 
masters  in  each  district,  as  an  inducement  towards  ornamental 
planting  of  the  platforms  and  surrounding  lands.  In  award- 
ing the  prizes  the  judge  should  be  an  expert  horticulturist,  who 
sliould  take  into  consideration  the  skill  of  propagation,  and 
suitability  of  species.  This  is  important  in  its  bearing  upon 
future  growth,  with  respect  to  obscuring  signals,  etc. 

FREE  DISTRIBUTIOX    OF  TREES   BY   GO\'ERXMEXT. 

The  Government  could,  by  distributing  trees  gratis,  induce 
land-owners  to  plant  bardwood  trees  to  act  as  break-winds.  If 
the  land-owners  by  a  free  distribution  were  induced  to  plant, 
they  would  quickly  realise  their  value  and  plant  annually,  either 
trees  which  they  have  propagated  or  purchased.  I  would  advise 
farmers  to  plant  in  all  cases  hardwoods.  Stringy  barks  are 
very  easy  to  grow,  and  their  uses  are  legicm,  but  care  must  be 
taken  not  to  plant  too  closely — say,  20  ft.  by  20  ft.  spacing,  or, 
if  the  ground  is  limited,  15  ft.  by  15  ft.  will  be  sufficient.  Red 
Cedar  or  Black  wood  could  with  advantage  be  planted  between 
tlie  rows.  The  Blue  Fig  of  Xew  South  Wales  is  well  worth  a 
trial  in  this  Colony,  and  is  a  handsome  and  useful  tree. 

TEACmXG  FORESTRY  IN  STATE  SCHOOLS. 

State  school-teachers  should  be  induced  to  encourage  the 
children  to  plant  trees,  and  if  a  day  were  set  apart  for  that 
purpose  annually,  and  tlie  scholars  were  each  to  plant  a  ti-ee,  it 
would  encourage  them  to  plant  also  at  their  homes,  thus  culti- 
vating a  liking  for  horticulture,  which  would  gradually  grow 
and  be  of  use,  not  only  to  them,  but  to  the  country  in  which 
tliev  settle  hereafter,  whether  it  be  the  Transvaal  or  elsewhere. 
It  would,  in  my  opinion,  be  money  well  spent  if  the  Directors 
of  Educaticm  had  an  expert  to  visit  the  schools  and  give  lectures 
on  forestry  and  horticulture,  and  its  practical  uses.  The  intro- 
duction of  this  scheme  would  create  in  a  short  time  an  appi'eci- 
able  and  beneficial  change  in  the  surroundings  of  the  Transvaal 
li()m(»s. 

ASSO(  lATIOXS    FOR    BEAVTIFYIXG    TOWXS. 

In  many  of  the  cities  of  the  Australian  Colonies  associa- 
tions are  formed  for  the  purpose  of  beaut  if  yincr  their  towns  or 
cities.  These  associations  work  in  harmony  with  municipali- 
ties, and  take  over  waste  and  sightless  land,  and  plant  it  with 
shrubs  and  flowers.     Almost  the  entire  work  is  done  by  members 
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of  the  asafic-iationB.  Members  wlio  have  gardens  and  spare 
plants  pK'sent  them  to  the  association  in  furtherance  of  its 
antral  ohjprts. 

I  may  here  state  that  the  piincipnl  members  of  these 
associations  are  ladies,  who  leceive  very  valuable  assistance 
from  the  curators  and  landscape  gardeners  of  the  towns.  Many 
«f  the  nurserymen  also  take  a  keen  interest  in  these  associations. 

FORESTBV  IX  OTHER  l..A.\DS 

The  Transvaal  is  not  alone  m  being  hndly  supplied  with 
timber;  many  of  the  older  conntries  are  in  the  same  plight. 
Greece,  that  was  once  a  thickly  timbered  country,  sold  her 
forests  for  ship-building,  and  as  no  provision  was  made  to  re- 
plant trees,  much  of  the  aforetime  forest  is  now  a  treeless  waste. 

In  China  proclamations  ore  posted  in  certain  districts  offer- 
ing to  decorate  with  the  order  of  the  Yellow  Bnlton  any  person 
planting  10.000  trees. 

The  T'uited  States  have  an  extensive  forestry  department, 
nnd  have  Wen  very  successful  with  Eucaly])tu8  timber,  and  have 
also  planted  many  thousands  of  acres  with  Salt  Bnsh,  a  most 
excellent  fodder  shrub,  which  would  do  well  in  the  Transvaal. 

Germany  has  large  plantations  of  Eucalj'plua.  Many  use- 
iii]  discoveries  have  been  made  in  the  laboratories  of  the 
forestry  department  in  connection  with  the  preservation  of  tim- 
lier.  Their  forestry  department  furnishes  an  example  that 
might  with  advantage  be  fuUowed  here.  In  German  New 
Guinea  particular  assistance  is  granted  in  forestry.  The  timber 
plantations  have  consequently  proved  successful  beyond  all  ex- 
pectation, and  are  being  greatly  extended.  In  the  Royal 
uotanical  Gardens,  Berlin,  there  are  many  ^lass-houses  devoted 
Exclusively  to  the  propagation  of  commercial  trees  and  plants, 
that  yield  rubber,  cocoa,  coffee,  dye,  farina,  fibre,  gum,  gutta- 
percha, nuts,  pulse,  resin,  spice,  tea,  timber,  tubers,  etc.,  and 
these,  when  sufficiently  grown,  are  shipped  to  the  German 
■eolonial  possessions,  most  suited  to  their  develooment.  "When 
plants  yielding  new,  or  comparatively  new.  commercial  products 
are  sent  abroad,  planters  are  fully'advised  as  to  the  cultural 
reqnirement  to  ensure  success,  and  the  methods  to  be  adopted  in 
nrder  to  place  the  produce  in  the  best  possible  condition  on  the 
market.  Wliat  is  being  done  by  Germany  in  this  particular  is 
certainly  of  permanent  benefit  to  her  colonial  possessions.^ 

Xorway  stands  alone  in  being  the  only  country  that  is  in- 
creasing her  forests.  For  every  tree  that  is  felled  it  is  com- 
pulsory to  plant  one.  by  which  method  the  area  under  timber  la 
found  gradually  to  increase. 

TBBES   INDIGEXOCS  TO  THE   COLONY. 

Quite  a  fjuantity  of  useful  work  awaits  the  forestry  depart- 
ment of  the  Transvaal,  in  naming  and  classifying  the  timber 
indigenous  to  the  colony,  of  which  there  is  quite  a  wealth.  In 
the  northern  portion  of  the  colony  I  have  had  the  opportunity 
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of  handling  and  studying  some  of  it,  and  find  that  there  are 
numbers  of  species  well  worth  cultivating,  both  for  their  dur- 
ability and  their  power  to  resist  the  white  ant.  Durinir  the 
recent  war  much  of  this  timber  was  cut  down,  but  it  is  a  pleas- 
ing feature  to  note  that  thej-  are  nearly  all  propagating  from 
the  stumps.  I  believe  from  my  knowledge  of  the  timber  in  the 
Waterberg  district  that  it  would  form  an  excellent  paving  mate- 
rial for  streets,  and  commend  it  to  the  attention  of  the  City 
Fathers.  Seeing  that  a  Fencing  Act  is  about  to  become  law,  I 
would  recommend  a  trial  of  some  of  the  thorn  bush  of  this  dis- 
trict for  "  live  "  fencing.  I  am  of  opinion  that  the  result  would 
be  excellent. 

The  difference  in  the  climate  between  the  Waterberg  dis- 
trict and  the  Sand  is  very  marked,  the  climate  of  the  former 
being  quite  sub-tropical.  For  this  reason  I  would  suggest  the 
planting  of  Eucahijtus  from  northern  New  South  Wales  and 
southern  Queensland,  known  as  Brush  box  (Eucalyptus  Tristinia 
Conferta),  It  attains  a  height  of  150  ft.,  with  a  diameter  of 
5  ft. ;  its  timber  is  tough,  strong,  and  durable.  If  cut  at  the 
wrong  time  it  warns  and  twists,  but  when  felled  at  the  proner 
time  and  moderately  seasoned  it  makes  a  valuable  wood,  useful 
for  paving  blocks,  planking,  flooring  boards,  and  railway 
sleepers.  It  has  been  satisfactorily  proved  that  it  is  obnoxious 
to  the  white  ant.     It  can  be  propagated  only  from  seed. 

STKEET  THEES. 

A  very  noticeable  feature  in  the  towns  of  the  Transvaal  is 
the  absence  of  street  trees,  which  is  invariably  remarked  by 
persons  coming  from  older  countries.  Street  trees  require  to 
be  treated  ai*tificially,  and,  that  being  the  case,  natural  laws 
are  in  many  instances  completely  upset,  with  the  result  that  the 
object  sought  for  in  theory  often  ends  disastrously  in  practice. 
A  great  deal  may  be  overcome,  if  we  would  acquaint  ourselves 
more  with  the  various  characteristics  peculiar  to  each  type  of 
tree,  observing  also  what  effect  each  branch  or  branches  have 
in  building  up  a  symmetrically  formed  tree.  Many  shrubs,  for 
instance,  may,  by  careful  attention,  be  assisted  to  take  on  more 
of  the  tree  form,  and  again,  many  plants  designed  by  nature  as 
trees  are  often  made  to  grow  as  shrubs  owing  to  the  skill  of  the 
operator.  Climatic  influences  will  also  assist  in  causing  trees 
to  take  on  a  different  character,  also  certain  prevailing  winds 
may  liave  to  be  taken  into  consideration.  One  or  all  of  these 
factors  may  completely  upset  the  object  we  have  in  view,  if  not 
carefully  considered  and  adaptations  made  accordingly.  Nature 
will  do  her  part  if  the  intelligent  observer  will  assist. 

Another  matter  in  relation  to  trees,  which  is  often  lost  sight 
of,  is  the  form  and  growth  that  are  necessary  during  the  early 
stages.  These  are  often  ouite  different  from  the  crrowth  made 
when  the  trees  are  matured.  I  am  confident  that  a  little  intelli- 
gent experimenting  will  show  what  species  are  most  suitable  as 
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street  trees.  The  majority  of  those  now  planted  in  our  towns 
and  which  are  expected  some  day  to  make  admirable  street  trees, 
will,  with  few  exceptions,  prove  disappointing,  these  remarks 
especiallj'  applying  to  the  Acacia  and  Eucalyptus. 

FORESTRY    BILL. 

A  step  which,  in  my  opinion,  it  is  important  the  Govern- 
ment should  take  is  the  framing  of  a  Forestry  Bill,  dealing  with 
Crown  Lands.  This  Bill  should  be  drafted  on  lines  calculated 
to  extend  State  forests,  such  as  the  appointment  of  rangers,  the 
issuing  of  licences  to  saw-millers  ana  timber-getters,  and  the 
reserving  of  certain  portions  for  propagation  and  future  use. 
Assuming  that  the  Government  were  to  frame  a  Bill,  which 
subsequently  became  law,  the  Minister  of  Lands  would  require 
to  have  all  forest  lands  classified,  so  as  to  determine  which  land 
is  suitable  to  be  permanently  set  aside  as  State  forests,  and 
which  for  temporary  reserve,  until  the  timber  thereon  has  been 
cut.  Any  land  set  aside  as  State  forest  should  not  be  available 
for  sale  in  any  circumstances,  and  leases  should  be  granted  for 
grazing  purposes  only.  The  Governor  should  be  given  wide 
powers  for  temporary  reservation  or  revocation  of  reservations. 

Licenses  to  obtain  timber,  bark,  stone,  or  other  products 
from  State  forests,  timber  reserves,  or  Crown  lands,  should  be 
granted  by  the  Minister,  subject  to  fees,  and  under  prescribed 
conditions. 

Certain  trees  and  certain  lands  could  be  exempted  from  the 
operation  of  the  licenses. 

Any  State  forest  land  should  be  thrown  open  for  operations 
under  mineral  or  metal  mining  license.  B,e8trictions  should  be 
imposed  in  respect  of  ring-barking. 

Penalties  to  be  fixed  and  powers  of  seizure  conferred  on 
police. 


2T.— DURATION  AND  AREA  OF  HEAATT  RAINFALLS. 

By  D.  C.  Leitch,  M.Ixst.C.E. 

To  have  some  means  of  estimating,  even  approximately* 
the  duration  and  extent  of  heavy  rainfalls  is  important  from 
many  points  of  view.  It  is  true  that  the  discharge  of  flood 
water  from  a  given  area  is  what,  for  practical  purposes,  it  is 
usually  necessary  to  determine,  but  an  essential  factor  in  esti- 
mating this,  especially  where  the  area  is  small,  is  the  character 
of  the  rainfall. 

The  duration  and  extent  of  a  heavy  shower,  as  well  as  the 
rate  at  which  it  travels,  depend  on  so  many  fortuitous  circum- 
stances as  to  make  it  out  of  the  question  to  attempt  to  do  more 
than  formulate  roughly  approximate  rules.  Even  these,  how- 
ever, are  often  useful  where  nothing  better  is,  from  the  nature 
of  the  case,  available. 

DURATIOX  OF  HEAVY  FALLS. 

The  records  of  heavy  falls,  as  might  be  expected,  do  not 
show  any  definite  relation  between  the  rate  of  fall  and  its 
duration. 

This  relation  may,  however,  be  expressed  approximately  in 

several  ways,  the  form  y  =  ,,  due  ori<:^nally  I  believe  to 

Prof.  Talbot,  is  as  good  as  any.  i/  =  rate  of  fall  in  inches  per 
hour.  X  ^  duration  of  fall  in  minutes,  and  a  and  b  are  con- 
stants wliioh  have  different  values  in  different  countries.     For 
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the  British  Isles  y  = ^  approximately.      For   499    Ameri- 

can  stations  with  1  to  50  years  records,  Prof.  Talbot  gave 
y  =      \    QA-      ^^^^  i'*^  deduced   from   a   very   large   area,  and 

probably  does  not  fairly  represent  the  actual  conditions  in  any 

particular  district.     Observations  at  20  American  stations  in  the 

Eastern  and  Southern  States,  mostly  extending  over  80  years 

270 
give  3/  —  -    iTqk-     Observations   for   IG  years  at  Washington, 

U.S.A.,  give  y  =  ~r_r~9f\  *^^'  ^^^^  place 

At  Johannesburg,  the  records  extend  over  a  period  of  15 

vears,  but  unfortunately  the  instruments  in   use  have,  at  all 

but  one  station,  been  read  as  a  rule  only  once  daily,  the  record 

of  duration  of  heavy  falls  is  therefore  very  imperfect.     So  far 

as  it  goes,  it  indicates  the  following  relation  between  rate  and 

,       ,.  290 

duration  :   y  —  — ; — j^, 
*^        rK  +  40 

It  should  be  added  that  this  does  not  cover  one  very  re- 
markable fall,  observed  by  Mr.  Burt  Andrews  on  12th  February, 
1898.  when  4.86  inches  of  rain  fell  in  one  hour  at  Doornfon- 


Heavy  Raikfalls, 

,^„,  „n(l  wLith  very  largely  exceeded  anv  olber  recorded  ia 
the  Transvaal,  or,  eo  far  as  I  am  aware,  elsewhere  outside  the 
tropics.  To  (five  some  idea  of  the  plienomenal  nature  of  this 
fall,  it  may  be  rtiiuarked  that  the  next  heaviest  fall  in  one  hour 
recorded  here  did  not  exceed  2.29  inches;  this  occurred  on  the 
29th  February  this  year.  The  heaviest  fall  in  one  hour  in  the 
British  Isles  rias  never  exceeded  1.8  inches.  In  the  United 
States,  outside  of  some  rather  doubtful  (.'aliforniau  records,  the 
heaviest  fall  observed  in  one  hour  has  been  2.55  inches. 

AHEAS  OF  UEAVY  FALLS. 

The     fall     of     iM     inches     in     one     hour,     referred     to 

the  last  paragraph,  was  only  registered  at  the 
Doornfonteiu  raiu  ^auge;  ou  the  same  occasion  1.1  inch  fell  at 
Joubert  Park,  about  three-quarters  of  a  mile  away,  and  1,25 
inches  at  the  reservoir,  only  a-(iuartej-  of  a  mile  away.  It  may, 
of  course,  have  been  the  case  that  the  instrument  at  Doornfon- 
tein  was  on  the  western  verge  of  a  large  area  covered  by  this 
fall,  but  it  seems  more  probable  that  the  latter  was  confined  to 
a  small  part  of  the  southern  elope  of  the  high  ground  near 
which  (he  Uoornfonteiu  instrument  was  placed. 

It  is,  of  course,  likely  that  in  most  cases  heavy  falls  have 
no  definite  limits,  but  gradually  merge  into  areas  of  lighter 
rainfall.  Except  where  such  falls  aie  due  to  topographical 
causes,  as  where  rain  clouds  pass  over  a  range  of  hills,  tt  is 
likely  that  they  travel  for  some  distance  Iwfore  they  are 
pshausted.  It  is  consp<|Uently  extremely  difficult  to  obtain  any 
direct  evidence  as  to  the  probable  maximum  rate  of  fall  over  a 
given  area,  although  for  many  purposes  it  is  necessary  to  make 

'  assumption  as  to  this,  in  default  of  information  regard- 
ing it. 

Several  weli-knowii  formulae  for  calculating  flood  dis- 
charges, such  as  those  nf  McSlath,  Biirkli-Ziegler.  and  others, 
make  the  discharge  per  second,  with  the  same  rainfall  rate, 
vary  as  a  power  of  the  area,  which  varies  from  0.75  to  0.80. 
As  these  formulae  are  based  nn  experimental  data,  it  is  likely 
that,  at  least,  under  the  local  conditions  in  which  they  were 
framed,  they  are  fairly  accurate;  although  the  assumption  of 
the  same  maximum  rainfall  rate  over  both  large  and  small 
srvas  ia  probably  erroneous.  It  seems  more  likely  that  over 
Areas  not  exceeiling  a  few  square  miles,  the  rate  of  flood  dis- 
eharges  under  the  same  conditions  woulil  vary  very  nearly  as 
(he  rate  of  rainfall,  and  that  the  varia(ions  actually  observed 
are  due  to  (he  fact  (hat  the  maximum  rate  of  fall  is  much 
higher  for  small  than  for  large  areas. 

Much  useful  information  bearing  on  this  point  could  be 
gained  by  comparing  records  of  flow  from  drainage  areas  of 
different  sizes,  and  under  varying  conditions  of  rainfall.  So 
far  any  such  data  available  here  are  very  scantv.  From  pub- 
lished information  it  appears  that  (he  recent  flood  at  Bloem- 
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fontein  was  calculated  to  be  due  to  a  rainfall  o£  about  2J 
inches  over  the  catchment  area,  about  14  square  miles,  but  this 
rate  of  fall  may,  of  course,  have  extended  over  a  larger  area. 
The  records  of  the  heaviest  falls  recorded  at  Johannesburg  do 
not  afford  much  assistance,  as  most  of  the  gauges  have  only  a 
daily  record. 

Such  as  thej'  are,  these  records  are  given  below:  — 

TABLES   SHEWING  HEAVIEST  RATES  OF  FALL  IX  SXCHES  PER  HOUR 
UEC^ORDED  AT  JOHAXXESBVRG   SINCE  0("rOB£R,   1897. 


Date. 


Duration  of 
fall  in  niin. 


19th  Oct.,  1897 
11th  Feb..  1898 


12th  Feb.,  1898 


26th  Dec.,  1898 


29th  Feb.,  1904 


15 


30 


60 


6o 


Rate  of  fall  in 
inches  i^r  honr. 


3.2 
2.42 


m 


4.86 


1.34 


Reiuark^. 


2.29 


Only  at  Joubert  Park.  Gauges  at 
Doomfontein  and  Resenroir 
did  not  record  more  than 
0.61  in.  and  0.12  in.  respectirely 
that  day. 

Only  at  Doomfontein :  1.10  in.  and 
1 .2.5  in.  at  Joubert  Park  and 
Reservoir  respecUvdj. 

At  Jonbcrt  Park.  At  Cemetery 
2.57  in.  fell  during  the  day. 
but  at  Doomfontein  ana 
Re.servoir  only  0.33  in.  and 
tK82  in.  respectively. 

At  Joubert  P4rk.  At  Bclle\iieand 
Cemeteiy  falls  of  1.85  in.  and 
1.59  in  respectively  occurred 


These  very  fragmentary  data,  so  far  as  t)ie\  go,  support 
the  view  that  heavy  falls  are  very  limited  in  area,  though  they 
are  far  from  offering  anything  like  an  adequate  basis  from 
which  to  infer  the  probable  maximum  rate  of  fall  on  a  given 
are^  in  this  district.  Pending  the  collection  of  further  data 
and  as  a  rough  practical  guide,  it  is  thought  that  the  formula 

_^3 

y  =  *  .-J-  .    ^  where  y  ■—  rate  of  fall  in  inches  per  hour  and 

A  —  area  in  acres  may  be  taken  for  areas  not  exceeding  about 
100  square  miles. 


3R.-S0.MK  CuXSIDKUATInNS  liKSPEfTINO  JlilUU.V- 
TKiX  IX  THE  NKW  HiLdXIES. 

Bt  W.  n.  Bell,  M.Inst.C.E.,  F.R.Met.Soc. 

Tbe  practice  of  irrigation  bas  been  proposed  among  olher 
tbincs  as  a  panacea  for  the  troubles  of  Africa,  but  tUere  is  no 
royal  road  to  irrigation— except  in  Egypt  ami  India.  In  these 
countries  the  rastnefls  of  the  results  to  be  attained  wei'e  of  them- 
seh-es  sufficient  to  fire  the  minds  of  the  men  who  have  ovcr- 
rome  the  difficulties,  climatic,  financial,  social,  and  economic, 
that  make  irrigation  in  these  countries  an  achievement. 

In  ail  other  couutrieg  irrigation  has  grown  by  slow  and 
painful  decrees,  wresting  the  treasures  of  life  bit  by  bit  from 
the  unwilling  earth. 

In  the  Transvaal  the  first  queslion,  in  spite  of  the  fact 
that  the  annual  rainfall  is  eqvial  or  nearly  so  to  that  of  coun- 
tries where  irrigation  is  little  required,  is,  to  find  the  water; 
the  last,  to  find  the  market  for  the  produce;  and  between  these 
two  there  are  many  diiiiculties.  That  these  difficulties  only 
make  the  problem  more  alluring  goes  without  saying,  and  that 
a  solution  of  Ihem  is  to  be  found,  is  predicated  by  the  existence 
flf  the  land,  the  water,  and  the  people,  which  are  necessary  and 
are  intended  for  one  another. 

Regarding  the  ruin,  it  is  often  said  that  then-  is  an  idinn- 
ilant  rainfall,  but  that  il  falls  at  the  wn-ng  time.  Tliat  nu>y  be 
so — for  the  complainant— but  it  is  a  ijuestion  whether  any  otlier 
arrangement  would  be  more  effective  for  the  uses  of  man  when 
we  shall  have  learned  how  to  use  the  bounty,  while  thei'e  is  no 
question  at  all  but  that  none  of  us  could  arrange  a  more  benefi- 
cent time-table  for  the  clerl<  of  the  weather. 

The  rain  comes  in  summer,  it  is  abundant  in  the  east  and 
north,  on  the  high  veld  fairly  so.  and  in  the  west  and  south  it 
is  deficient.  Its  general  effect  is  to  harden  the  surface  of  the 
soil,  in  which  action  both  the  sun  and  the  wind  eontributi-  (heir 

Eowerful  assistance.  This  effect  is  well  known  to  those  who, 
aving  dug.  prepared,  and  planted  their  garden,  find  two  or 
three  days  after  llie  first  heavy  shower  that  the  surface  of  the 
ground  is  as  hard  as  a  board. 

In  the  nest  place,  the  characteristics  of  the  high  veld  are 
rounded  hills  of  wide  extent,  intersected  with  narrow  valleys. 
Thus  the  gathering  grounds  are  flat,  and  only  the  run-oft"  from 
heavj-  rain  can  reach  the  storage  areas,  while  the  latter  perffuce 
occupy,  in  many  cases,  the  arable  lanrls  of  the  valleys. 

On  the  other  hand,  the  Hat  gathering  grounds  favour  per- 
colation, especially  in  the  rocks  of  the  coal  measures,  along  the 
I  escarpments  of  which  the  numerous  rivers  of  the  Eastern  Trans- 
I  ^aal  spring  fortlj. 

In  the  sandy  districts  of  the  Western  Transvaal  the  <!itfi- 

nlties  of  flood  storage  are  lar^-ly  economic.       Althongh    the 

I  BTornge  annual  rainfall  is  a  fairly  abjundant  one — leaving  out 

Wthe  question  as  to  whether  tlie  droughts  of  re<ent  years  point  to 
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a  change  of  climate — jet  the  recurrence  of  successive  years  of 
drought,  followed  by  years  of  heavy  rainfall,  necessitates  reser- 
voirs of  such  size  as  will  serve  to  equalise  the  supply  over  seve- 
ral years,  a  proposition  that  at  present  is  hardly  practicable  for 
irrigation  projects,  particularly  when  the  losses  by  evaporation 
and  percolation  are  taken  into  account.  And  the  problem  is 
not  to  be  solved  by  storage  on  a  small  scale,  as  the  same  diffi- 
culties are  intensified  in  small  reservoirs. 

In  the  arid  districts  of  other  countries  where  irrigation  is 
practised,  there  are  generally  precipitous  mountainous  regions 
of  greater  or  less  propinquity,  which  are  regions  of  heavj^  de- 
position, and  consequently  the  problem  resolves  itself  into  a 
question  of  transportation  by  canals,  but  in  the  Transvaal  gene- 
rally there  are  few  opportunities  of  conveying  water  for  any 
considerable  distance,  and  the  floods  must  be  collected  and 
stored  close  to  the  localities  where  the  water  can  be  utilised. 

The  irrigation  areas  are  thus  circumscribed  and  self-con- 
tained. 

In  the  absence  of  detailed  observations  over  many  years> 
the  amount  of  rainfall  available  for  storage  is  a  very  difficult 
matter  to  determine.  It  varies,  as  is  well  known,  with  the^ 
physical  and  orographical  features  of  the  gathering  ground, 
with  the  intensity  and  duration  of  the  rainfall,  and  with  the 
condition  of  the  soil  as  respects  moisture  and  heat. 

Another  question  requiring  determination  is  the  amount  of 
water  necessary  for  raising  different  crops  in  this  country,  and 
the  amount  at  present  actually  so  used,  also  the  proportion  of 
the  total  annual  amount  which  will  be  required  at  certain  sea- 
sons. In  this  connection  the  science  of  irrigation,  as  a  part  of 
agriculture,  must  be  studied,  and  experimental  stations  perma- 
nently established,  to  study  the  most  profitable  and  economical 
use  of  water. 

We  require  information  on  the  above  heads  before  we  can 
tell  how  much  land  can  be  cultivated  by  irrigation — how  many 
acres  of  gathering  ground  will  be  required  for  the  irrigation  of 
one  acre  of  arable  land. 

For  instance,  supposing  the  rainfall  to  average  24  or  20 
inches  per  annum,  and  that  the  average  run-off  of  water 
amounted  to  10  per  cent,  of  this,  we  would  have  2J,  or  say,  2 
inches  of  water  over  the  whole  water-shed,  available  for  storage 
and  use,  equal  to  4,646,400  cubic  feet  of  storage  water  per  square 
mile  of  gathering  ground.  If,  then,  150,000  cubic  feet  of  water 
— equal  to  about  42  inches  in  depth — be  necessary  to  irrigate 
each  acre  for  a  year,  we  would  have,  from  each  square  mile  of 
gathering  ground,  sufficient  water  to  irrigate  in  round  numbers 
32  acres. 

This  means  that,  supposing  the  amount  of  arable  land 
necessary  is  situated  where  it  can  be  commanded  by  irrigation 
supplies,  we  would  bo  able  (theoretically)  to  put  five  per  cent. 
(5  7.)  of  the  whole  lands  of  the  country  under  an  irrigation  supplr. 
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As  this  supply  would  equal  n  raiuiall  on  the  ground  irri- 
gated, of  42  iinliea  aiiiiually,  in  addition  to  the  natural  rainfall, 
it  will  be  seen  that  there  is  a  large  margin  for  economy  in  the 
use  thereof,  with  a  conaequent  extension  of  the  irrigated  area. 

Ill  the  Orangi' River  Colony,  again,  with  its  wide  plains  and 
capnciousriver  heils.  the  problem  isditt'eient.  Here  tlie  projetts 
will  bo  individually  of  greater  magnitude,  and  the  iHtKcully 
will  be  to  find  storage  basins  of  autficient  capacity  to  impound 
the  volume  of  water  brought  down  in  times  of  flood.  I)  liiis 
been  proposed  to  lead  the  flood  waters  from  the  rivers,  into  the 
natural  basins  or  pans.  This  could  certainly  in  many  casea  be 
done,  but  no  one  has  yet  proposed  how  the  water  is  to  be  got 
out  of  the  pans  for  use  on  the  land,  and  the  utmost  that  could 
be  expected  of  such  undertakings  would  be  that  they  minlit 
augment  the  supplies  of  underground  water  by  percolation,  and, 
bv  retaining  the  Hood  waters,  assist  in  some  measure  to  modify 
tfie  climate. 

Such  speculations  cause  us  lo  letlect  what  will  be  ihe  effect 
of  the  increased  utilisation  of  water  in  the  new  colimies,  upon 
the  districts  lower  down,  on  the  Vaal  and  Oraujre  Hivers,  and 
as  we  are  always  anxious  to  cry  out  before  «*e  are  hurt,  com- 
plaints have  already  been  heard,  that  the  pi-ospective  irrigation 
schemes  in  the  Transvaal  have  affected  the  water  supply  at 
Kimberley  ! 

As  regards  underground  supplies  of  water,  tliere  are  un- 
doubtedly large  areas  containing  water  in  the  rocks,  but  here 
we  must  not  be  led  away  by  visions  of  our  imagination.  Judg- 
ing from  the  geueral  structure  of  the  lountry,  and  applying,  as 
far  as  is  applicable,  the  knowledge  of  facts  and  results  obtained 
in  the  Cape  Colony,  whei-e  a  correct  view  of  the  actual  condi- 
tions has  been  attained,  it  would  seem  unlikely  that  deep  arte- 
sian stores  will  be  found,  that  is  to  say  at  depths  over  a  thou- 
sand feet  or  so.  At  the  moment  of  writing,  the  writer  is  travel- 
ling through  a  district  where  the  presence  of  newly-bnilt  farm- 
houses, each  with  its  wind  engine  and  its  patch  of  green  cultiva- 
tion in  the  midst  of  the  desert  mountains,  attest  the  practical 
success  of  the  Cape  Water  Boring  Department. 

Another  enticing  vision  is  that  of  water  power.  In  the 
flatter  districts  of  the  new  colonies  water  is  too  valuable,  and 
the  loss  of  head  in  water  engines  would  entail  too  great  lenarth 
of  transportation  canal  to  command  irrigable  land,  to  allow  of 
any  great  utilisation  of  water  for  power  in  these  districts;  but 
along  the  great  eastern  escarpment  from  north  to  south  there 
are  immense  reservoii-s  of  power,  which  should  be  strictly  re- 
served for  manufacturing  industries  in  the  future.  In  these 
regions  iihuie  does  there  seem  to  be  any  possibility  of  the  Trans- 
vaal ever  becoming  an  exporting  countrv. 

We  turn  here  to  Ihe  question  of  niarkets.  without  which 
practically  no  human  industry  can  exist.  And  first  and  foi-emost, 
for  many  years  the  mining  industry  alone  is  the  only  agent 
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through  which  this  country  can  be  developed,  and  a  self-sup- 
porting population  settled  on  the  soil.  For  mining  purposes 
water  is  a  paramount  necessity — at  any  rate,  at  the  present  time 
— and  though  the  want  of  water  in  places  may  compel  the  in- 
vention of  other  methods,  yet  the  convenience  of  water  as  a  con- 
veying medium  in  the  extraction  of  metals  is  so  gresitf  that  it 
will  continue  to  be  so  used  at  any  cost  less  than  the  most  exor- 
bitant. Thus,  then,  vested  interests  hampering  the  use  of  water 
in  mining  must  not  be  permitted,  and  as  mining  can  only  be 
practised  in  certain  limited  areas,  wherever  such  areas  be  dis- 
covered there  agriculture  must  give  way  to  mininp^. 

The  water  question  is  a  Government  question  m  the  widest 
sense,  in  which  the  Government  supplies  and  focuses  the  direc- 
tive power,  but  eventually  it  is  the  people  who  must  supply  the 
enterprise  and  reap  the  reward,  and  this  Association  can  assist 
in  the  work  by  taking  part  in  the  collection  of  sorely-needed  in- 
formation. They  can  also  approach  the  Government  with  a 
view  to  disseminating  widely  among  the  public  the  meteoro- 
logical information,  the  collection  of  which  Government, 
through  its  several  departments,  is  now  organising. 

We  are  accustomed  to  magnify  our  difficulties,  each  in  bis 
own  walk  of  life,  whether  as  exercising  the  sacred  privilege  of 
grumbling  or  as  boasting  of  our  achievements.  The  latter  we 
in  the  Transvaal  cannot  do  yet,  for  as  yet  we  have  done  nothing, 
but  to  our  difficulties  we  look  with  confidence  as  the  sure  road 
to  success,  and  the  object  of  this  discursive  paper  is  to  invite 
discussion,  that  we  may  have  our  difficulties  and  our  manifold 
advantages  more  clearly  set  forth. 


29.-SrnVEY  PltACTICK  I.\  THE  TllASSVAAL. 

Bv   PUILII-    B.    (JSBOK.\. 

Id  dealing  with  the  subject  matter  indicated  by  the  tillp 
whicti  I  liavu  selected  for  ibese  notes,  I  should  like  tn  dbsfrre 
at  the  outset  that  it  is  moie  from  a  general  standpoint  than  from 
the  partieulai'iy  scientific  aspect  that  I  shall  review  the  ques- 
tion. That  is  to  say,  I  do  not  propose  to  fnler  into  intricate 
calculations  or  trigonometrical  problems,  supported  by  masses 
of  figures,  liowever  interesting  such  a  study  might  be,  but  I 
shall  aim  rather  at  describing  the  gradual  growth  and  develop- 
meot  of  what  to-day  is  recognised  as  a  high  standard  of  survey 
practice,  from  the  time  of  the  voorlrekkers  and  the  early  settlers 
in  this  colony  to  the  present  date,  and  I  shall  endeavour  to 
illustrate  the  salient  features  of  what  that  progression  is  from 
the  crude  and  rough  methods  first  employed  to  the  present 
Rystematised  and  scientific  basis. 

The  unit  of  land  measure  adopted  by  the  early  settlers  was 
100  paces,  and  was  taken,  certainly  erroneously,  to  be  ecjual  to 
300  Cape  feet:  this  was  termed  a  "minute,"  because  it  was 
assumed  that   the  speed  of  an  ordinary  horse  was  about   100 

{laces  per  minute,  and  accordingly,  any  measurement  of  the 
ength  of  a  line  as  applied  to  the  mensuration  of  land  was  re- 
ferred to  in  minutes  and  fractions  of  a  minute.  Of  the  con- 
veniens of  such  a  ready  and  practical  method  of  land  measure- 
ment there  can  be  no  question,  but  it  was  not  only  largely 
inaccurate,  but  was  the  source  of  ever-recurring  trouble  in 
respect  of  boundary  disputes.  When  the  early  settlers  had 
established  themselves  in  a  new  tract  of  country,  each  man,  by 
mutual  agreement,  selected  and  beaconed  off  a  piece  of  ground 
€0  minutes  square,  which,  according  to  the  value  of  the  unit  of 
measure,  included  roughly  3,750  morgen;  hut  confusion  arose 
in  consequence  of  the  over-lapping  of  boundaries,  for  the  reason 
Ihat  every  man  laid  out  his  ground  without  knowing  what  his 
neiehbour  did,  and  without  any  Jeal  plan. 

To  prevent  disputes  and  obtain  an  accurate  written  title 
in  ground,  accompanied  by  a  sketch  plan  defining  the  boun- 
daries, etc.,  the  community  chose  three  trustv  men  to  act  as  a 
commission,  called  "  the  Inspection  Commission,"  whose  duties 
were  to  lay  out  the  country  m  equal  squares  of  the  dimensions 
at  first  intended,  and  to  deal  with  all  (piestions  affecting  boun- 
daries, beacons,  and  title. 

This  commission,  furnished  only  with  a  pocket  compass  for 
direction,  and  an  ordinary  watch  for  time,  divided  the  country 
off  into  farms,  each  supposed  to  be  a  square  of  GO  minute  sides, 
tontaining  an  area  of  3,750  morgen. 

A  glance  at  the  map  of  the  country  will  show  with  what 
painful  inaccuracy  their  intention  was  carried  out.  Indeed,  it 
18  difficult  to  realise  that  the  original  scheme  was  to  lay  the 
country  out  into  squares  of  more  or  Uss  equal  dimensions.  The 
extraordinary  figtires  assumed  by  the  farms  are  mainly  due  to 
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tLe  rough  methods  of  land  measariBg  referred  to,  and  the  de- 
viation from  squareness  is  largely  due  to  the  land-grabbing-  and 
beacon-shifting  propensities  of  the  voortrekkers,  who,  in  this 
respect,  closely  resembled  the  early  barons  in  the  Old  Country. 

The  system  of  riding  off  farms  was  maintained  eren  to  the 
time  of  ex-President  Kruger.  but  later  on  an  addition  was  made 
to  the  commission  of  a  duly  certificated  goTenunent  surreTor. 

Landmeters.  or  surveyors,  first  made  their  appearance  in 
the  country  in  the  sixties,  but  they  had  to  work  in  a  wild«  in- 
hf»spitable  land,  under  exceptional  difficulties,  receiving,  more- 
over, little  or  no  remuneration  for  their  services.  It  is  not  sur- 
pris^ing.  therefore,  that  they  have  left  no  particularly  accurate 
records  of  their  work  for  their  successors  to  profit  by.  As  an 
in?taiif-e  f»f  the  general  regard  in  which  the  work  of  a  surveyor 
was  held,  a  story  is  told  of  one  of  the  craft  who,  when  called  to 
bo<»k  for  some  act  of  commif^ion  or  omission  in  an  earlier  sur- 
vey, indignantly  asked  the  Surveyor-General.  "  What  more  do 
you  expe<-t  for  a  bag  of  pear-hes?  " — that  being  apparently  all 
the  remuneration  he  obtained  for  his  services. 

In  the  seventies  further  progress  towards  the  perfection  of 
surveying  operatirms  was  made  on  the  arrival  in  this  colony  of 
qualified  surveyor*  from  the  Cape  Colony.  These  men  started 
work  here  under  particular  advantages.  They  had  an  onen 
country,  almost  entirely  unsurveyed.  offering  irreat  facilities  for 
gfKNl  work  on  acr-ount  of  its  remarkable  suitability  for  trianeu- 
lation.  They  alsri  had  a  knowledge  of  the  defects  of  the  Cape 
syst»-m.  and  Lad  a  free  hand  to  experiment  in  attempts  to  im- 
prove the  appli^'-ation  of  tLe  co-ordinate  system  as  practised  in 

that  r-oinnv. 

Tliiit  <y>tfm.  as  applied  to  this  country,  was  introduced  by 
the  lilt*-  I>M.p/.iil  Marqiiar.l,  the  latt-  Samnel  Melvill,  the  pre- 
seiit  Sinveyor-General  of  the  (ape.  Mr.  C  L.  11.  Max  Jurisch. 
aii<l  «»riiers. 

TLoj-M  wh«.  Lave  not  stu.l:etl  the  methods  adopted  in  this 
couiitry  may  be  apt  t«»  r-laim  that  tLere  is  no  difference  in  up- 
to-<late  prar-tif-e  lieie  ami  otLer  parts  oz  the  world,  because  the 
c«»-o!ilii:ate  system  is  ;%]><•  ust*  1  els^-where.  but  that  is  an  error. 

I'lifortuiiately.  the  ol>;e«Ts  of  this  pap»r  preclude  my  going 
into  .it'tails  an«l  tig'ir\-s  in  proof  of  that  sTatement.  but  anyone 
inteiv>te«l.  who  «-ares  to  make  tLe  comparis-^r..  may  read  Mr. 
Le«»}>oM  Mar«j\3a:«i"s  '*  Co-ord:!.a:e  iTeometry  applied  to  Land- 
Snrv«  vine."  anil  tbe  appendix  to  Mr.  Max  -Turisoh's  work  on 
natural  siries  and  •-•-sines,  where  hv  may  studv  : — <li  The  ap- 
plication of  tlie  svstem:  <I?'  the  n^in-'i'-kn  oi  all  calculations  to 
a  puivly  mt' Lanii  al  pr^x-ess:  and  '-^  *l^  iomp'-eteness  of  the 
checks  an«l  their  use:  and  the  n^sult  oi  Lis  :r: vest igat ion  must 
be  to  admit  tLe  advantagt^s  of  o\ir  inetLisls. 

It  mav  be  noted  that  m^w.  witL  the  cxc-eptirTi  of  a  few  who 
weie  oertificateil  to  practise  in  the  earlier  days,  most  of  the 
8ui^eyors  priiotisinsr  in  this  c«Mintry  are  universiity -trained  men. 
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Vuiversity  training,  as  you  all  know,  is  beneficial  over  and 
above  its  ordinary  scholastic  equipment,  in  that  it  gives  an 
equality  of  education  on  one  particular  subject,  and  this  advan- 
tage is  claimed  to  be  very  noticeable  in  respect  of  our  local  sur- 
vej'ors.  Many  good  men  may  be  turned  out  under  the 
ordinary  pupilage  system,  but  there  is  invariably  that  lack  of 
equality,  or  level,  or  standard  of  professional  equipment,  and 
the  dissimilarity  of  methods  employed,  to  act  as  a  disadvantage. 
As  a  matter  of  fact,  in  nearly  every  such  case  each  man  appears 
to  work  out  his  survey  in  a  different  manner.  The  university- 
trained  surveyors,  using  one  method  and  one  system,  are  more 
or  less  equal,  and  the  public  are  not  called  upon  to  pass  judg- 
ment on  their  respective  qualifications.  So  to  speak,  each  man 
is  as  good  as  hia  fellow,  and  the  only  difference  is  the  riper 
experience  gained  by  age,  but  except  for  his  longer  experience 
in  the  field,  the  elder  surveyor  would  have  no  advantage  over 
the  younger. 

The  advocacy  of  university  training  for  Transvaal  sur- 
veyors has  fcmnd  a  champion  in  the  person  of  Professor  llcle 
Shaw,  who,  in  his  eloquent  address,  delivered  at  the  Degiee 
Ceremony  of  the  Cape  Tniversity,  said,  "  The  old  idea  that 
there  are  only  four  professions  worthy  of  universitj'^  recocrni- 
tion,  viz.,  arts,  theology,  medicine,  and  law,  has  broken  down." 

There  are  new  professions  to  be  included,  and  one  of  them 
is  surveying.  Now,  if  a  medical  man  had  obtained  his  know- 
ledge, first  as  an  assistant  to  a  chemist,  and  next  by  helping  a 
duly  qualified  practitioner,  he  would  not  be  licensed  by  the 
Government,  nor  be  employed  by  the  public,  and  there  seems  to 
he  no  reason — I  certainly  can  see  none — why  the  surveying  pro- 
fession should  be  placed  on  a  lower  level  than  the  medical  pro- 
fession. 

To  render  the  title  to  ground  secure;  to  indelibly  sketch 
the  whole  and  true  extent  of  land  owned  on  a  diagram,  and  to 
thus  make  the  owner's  title  indefeasible — surely  these  are  im- 
portant attributes  of  civilised  life,  which,  if  not  comparable  to 
the  losing  or  saving  of  life  itself,  comes  very  near  to  it.  There 
is,  indeed,  no  valid  argument  against  including  the  surveying 
profession  as  one  of  the  learned  professions,  entitled  to  its 
proper  sphere  in  a  university  curriculum,  and  recognised  as  on 
an  equality  with  medicine,  theology,  or  law. 

Let  me  come  now  to  another  matter,  viz.,  land  tenure. 

As  affecting  land  tenure,  there  are  two  classes  of  sui^veys 
in  this  country:  — 

(1.)     Original. 

(2.)     Sub-divisional. 

In  the  case  of  original,  or  first  surveys,  the  surveyor  frames 
diagrams  in  triplicate,  which  are  submitted  to  the  Surveyor- 
General  for  examination.  The  diagram  is  examined  as  to  the 
consistency  of  its  numerical  data,  and  is  compared  with  existing 
adjoining  surveys,  being  also  scrutinised  as  to  its  accuracy  in 
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respect  to  its  registration  of  title.  It  is  then  approved  by  the 
Sin-veyor-General,  who  writes  his  signature  against  a  certificate 
on  the  diagram  to  that  effect.  The  next  process  is  three  months' 
publication  in  the  "Government  Gazette,"  calling  for  objec- 
tions, if  any,  as  regards  beacons  and  boundary  lines  on  the 
ground.  Should  no  objections  be  made,  the  Surveyor-General 
writes  his  signature  against  another  certificate  on  the  diagram 
to  the  effect  that  the  latter  is  confirmed.  One  of  the  copies  of 
the  diagram  is  filed  against  the  titles  in  the  Deeds  Office,  and 
is  called  "  the  original  diagram."  The  second  copy,  which 
carries  the  revenue  stamps,  is  issued  to  the  owner  with  his  title 
deeds — which  are  true  copies  of  the  original  titles  in  the  Rearis- 
trar  of  Deeds'  Office — while  the  third  copy  of  the  diagram  is 
retained  bj'  the  Surveyor-General. 

In  the  case  of  the  sub-divisional  diagram,  a  similar  exam- 
ination is  made,  but  the  diagram  is  not  kept  at  the  Survey or- 
GeneraVs  office  for  inspection.  Indeed,  this  diagram  is  only 
approved,  and  not  confirmed.  Being  only  a  portion  of  the 
original  diagram,  publication  and  confirmation  are  not  neces- 
sary, as  the  public  cannot  be  interested  in  the  boundaries  of  a 
portion  of  the  property,  the  boundaries  of  which  have  already 
been  published  and  confirmed. 

But  these  methods  only  apply  to  isolated  surveys,  and  not 
to  the  survey  sections  into  which  the  country  was  divided  under 
the  Law  of  1891.  It  is  noteworthv  that  under  this  law  the 
country  was  divided  into  sections,  which  were  parcelled  out  to 
the  different  government  surveyors,  so  that  each  surveyor 
got  a  section. 

At  the  time  this  arrangement  was  made,  Mr.  Kruger  con- 
vened a  meeting  of  surveyors,  and  explained  to  them  the  nature 
of  the  law,  remarking,  further,  that  every  surveyor  should  have 
an  equal  slice  of  the  country.  At  this  meeting  the  Surveyor- 
General  observed  that  there  were  a  few  bad  surveyors  in  the 
country,  and  it  would  be  unwise  to  give  such  reputedly  bad 
men  a  section;  whereupon  Mr.  Kruger  replied,  "  Xo,  give  every 
man  a  section,  and  those  that  are  wicked,  inspan  them  *  Xaas 
achter '  (next  to  the  hind  oxen")  where  I  can  reach  them  with 
the  sjambok,"  but  as  results  will  show,  there  must  have  been 
very  few  of  the  **  landmeters  "  who  fell  within  the  reach  of  Mr. 
Kruger's  sjambok. 

Each  surveyor  was  compelled  to  make  an  independent  tri- 
angulation  over  his  section,  and,  by  connecting  with  the  sur- 
veyor's work  in  the  adjoining  section,  a  proper  check  was 
assured  from  each  base,  and  thus  a  network  of  triangles  was 
carried  across  the  length  and  breadth  of  the  country. 

On  this  triangulation  the  surveyor  based  his  farm  surveys, 
all  existincr  surveys  were  checked,  and  new  ground  was  sur- 
veyed and  brought  into  diagram. 

All  this  work  was  done  at  a  fixed  tariff  and  paid  for  by  the 
Government,  who  afterwards  made  the  owners  of  the  farms  re- 
pay the  costs  of  survey. 
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The  accuracy  of  the  work  done  by  the  land  surveyor  is 
well  reflected  in  the  subjoined  statement,  which  shows  the  lati- 
tude and  longitude  of  points  on  the  borders  as  fixed : 

(1)  by  calculation  from  the  known  position  of  Pretoria, 

Using  the  data  of  the  ordinary  farm  surveys  of  the 
Transvaal ; 

(2)  by  actual  observations  in  the  trigonometrical  survej^ 

of  the  Cape  Colony  and  Natal ; 

(3)  bv  astronomical  observations  made  bv  Mr.  E.  H.  V. 

Melvill. 

WESTERN  rORDER. 


o 


10.80 

25 
25 

34 
34 

0.55 
10. 

Bnl  on  Convent,  line     (Calculat.)  25  38  10.84         25  U  48.20 
(Bechuanaland  Trig.  Survey)  25  38  lO.CO         25  34  59. 

Difference        . . .  0.24 

T  25  on  Convent.  Line    (Calculat.)  26     6  49.28 
(Bechuanaland  Trig.  Survey)  2(5     (>  48.60 

Difference        ...  0.68  9.45 

SOrTII-EASTERN    BORDER. 

Noma  (Calculat.)  28  13  29.50         30  25  12.70 

(Natal  Trig.  Survey)  28  13  28.56         30  25     8.81 

Difference       ...  0.94  ~a89 

V  K  R  (Calculat.)  26  57  58.97         29  54  20.07 

(From  Natal  Trig.  Survey)  26  58     0.20         29  54  30.53 

Difference       ...  1.23  1046 

EASTERN   liORDEK. 

Kamshlabana  ..     (Calculat.)  25  43     0.51         31   24  50.53 

(Melviir.s  Astr.  Obser.)  25  42  57.80         31   24  44.0 

Difference        ...  2.71  6.53 

H  B  (Wilsons  Kop)  ...(Calculat.)  25  30  51.57         31  44  11.40 

(MelvilVs  Astr.  Oljser.)  25  30  47.70         31  44     4.10 

Difference  3.87  7.t¥> 

B  60  (Mamelons  Kop)     (Calculat.)  25  25  19.20         31   4f>  31.08 

(Melvills  Ajitr.  Obs^.-r.)  25  25  15.80         31   4ii  24.00 

Difference       ...  3.4^)  7.08 

(For  this  information  I  am  indebted  to  Mr.  W.  M.  Oilfillan, 
Assistant  Surveyor-General.) 

The  checks  I  have  just  shown  you  must  !>#•  admitted  to  l>#f 
severe  upon  the  individual  sur^'cys  of  a  country,  but  th**  r^r- 
sults  obtained  have  been  ver>'  satisfactory,  and  refle/t  the 
highest  credit  on  the  work  of  the  Transi-aal  surveyor,  and  the 
excellent   co-ordinate   svstem    he    uses.       Tender   this   system* 
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where  the  work  is  carried  out  as  accuratelT  and  as  STStematic- 
ally  B»  indi^-ated  earlier  in  my  paper,  all  the  beacons  of  a  pro- 
perty, if  lost  or  maliciously  removed,  could  easily  be  replaced  by 
any  j»ur\'eyor  from  the  recorded  facts  on  the  diagram.  As  a 
bat^-  he  has  available  for  use  hundreds  of  beacons  on  the  neigh- 
bouring properties. 

Had  time  been  propitious  I  should  have  liked  to  have  taken 
vou  a  little  further  and  sketched  for  vour  entertainment  some 
of  the  «^:hemes  for  regulating  surveys  in  the  Transvaal,  which 
have  been,  from  time  to  time,  proposed  and  considered.  I 
should  also  have  liked  to  touch  on  the  more  scientific  principles 
affcc-tiiig  the  profession  to  which  I  have  the  honour  to  belong, 
but  this  pap€T  was  hastily  prepared  in  the  interludes  of  leisure 
which  the  responsibilities  of  business  have  allowed  me,  and  I 
f-ould  do  little  more  than  deal  with  the  historical  and  popular 
side  of  the  question. 


30.— THE  MINE  SLIIVEYUU  AND  HIS  WORK  ON  THE 
WITWATEIISRAND  DISTRICT. 

Bt  A.  E.  Payne. 

Surveyors  in  the  WifwaierBrand  District  have  almost 
Oirougbout  the  history  of  these  fields  been  easily  classified  into 
^I)  land  surveyors,  and  (2)  mining  enpineers,  who  possess,  in 
wdditinn  to  srnne  knowledge  of  siirYcyiiig,  that  certain  special 
knowledge  of  mining  desirable  for  the  proper  representation  of 
undergrnund  workingB. 

It  is  not  my  intention  to  speak  of  land  surveyors,  whose 
practice  in  South  Africa  has  been  so  admirably  explained 
before  the  members  of  this  Association  by  my  friend  Mr.  I'.  B. 
Osborn.  But  it  is  interesting  to  note  in  paasinfr  the  admirable 
work  in  mine  surveying  which  has  been  done  in  the  past  and  is 
8liII  being  done  in  cases  by  those  gentlemen  whose  qualifications 
as  surveyors  are  of  the  highest. 

The  Land  Surveyor  is  here  generally  known  as  a  "Govern- 
ment" Surveyor.  His  certificate  dated  from  the  Cape  Colony, 
and  was  received  by  the  lote  Government  up  to  1R93  as  qualify- 
ing him  to  practice  in  what  is  now  known  as  the  Transvaal 
Colony,  and  after  that  date  to  be  admitted  by  examination  con- 
dncted  on  the  same  lines  as  the  Cape  University  theory  and 
"practical.  Excellent  work  luis  been  done  by  liim  on  these  fields 
in  the  co-ordination  of  this  district,  and  in  certain  cases  he  was 
■called  upon  to  lay  out  reservoirs  of  considerable  size,  and  to 
locate  machine  sites  to  the  best  advantage.  But  he  was  not 
prima  facie  a  mining  man,  and  it  was  only  in  the  year  1896 
that  the  late  Government  recognised  the  importance  of  qualify- 
ing men  especially  for  mine  survey  work." 

The  syllalius  drawn  up  with  this  object  embraced  a 
thorough  training  in  both  theoretical  and  practical  work.  Tlio 
'examination  consisted  of  the  same  preliminary  course  as  laid 
down  for  Land  Surveyors,  who  could  also  be  admitted  by 
-examination  in  this  country:  it  ensured  first  of  all  a  good 
grounding  in  subjects  nf  general  education,  such  as  1st 
Teachers'  Examination,  embracing  Bible  History,  Algebra,  etc., 
and  the  Ihenretical  examination  in  such  subjects  as  conies, 
spherical  tri (Tonometry  and  astronomy;  whilst  the  praclieal 
part  finished  the  course  and  embraced  Buch  subjects  as  drawing, 
mining  principles,  test  survey,  and  knowledge  of  the  Dutch 
Inniruage,  in  which  the  whole  examination  was  to  he  con- 
ducted. There  is  no  doubt  that  the  aim  was  hiirh  and  a  good 
itandard  nf  efSriency  procurable.  But  there  was  considerable 
■delay  in  putting  the  Law  into  force.  Instructions  to  Surveyors 
were  not  issued  until  October,  1897. +  A  Government  Mine  Sur- 
veyor was  at  length  imported  from  Gemiany,  and  as  a  sign  of 
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his  effort  I  will  call  your  attention  to  an  extract  from  one  of 
the  local  technical  journals  published  in  May,  1898,*  in  which 
we  read — **that  the  Inspectors  have  received  orders  whenever 
they  visit  the  mines  to  inspect  the  plans  and  see  that  they  are 
riglitly  coloured,  and  in  all  respects  accord  with  the  published 
instructions.  One  or  two  Survej'ors  have  already  been  repri- 
manded— indeed,  we  have  heard  something  about  a  fine."  No- 
thing further  was  done,  however,  and  I  think  I  am  right  in 
saying  that  few  applied  to  be  subjected  to  the  theoretical 
examination,  whilst  none  at  all  completed  a  test  survey,  and 
none  at  all  were  admitted  as  Government  Mine  Surveyors. 
Some  candidates  even  in  making  application  were  given  to 
understand  by  the  then  Government  Mining  Engineer  that  he 
preferred  the  responsibility  to  rest  with  the  mine  manager. 

In  reviewing  the  mine  survey  practice  of  the  Witwaters- 
rand,  one  has  first  to  take  this  fact  into  consideration,  that 
there  was  no  law  enforced  to  regulate  the  system  of  surveying 
throughout  the  mines.  Each  group  of  mines  established  a 
standard  of  its  own,  whilst  Government  Surveyors  engaged  in 
this  work  followed  their  own  ideas.  It  does  not  follow  that 
without  Government  control  there  can  be  no  efficiency,  but 
there  are  members  of  every  community  who  will  not  conform  to 
the  best  practice  of  their  neighbours,  and  in  cases  where  reefs 
are  wide  and  underground  connections  can  be  safely  effecte-l 
on  the  reef  body,  as  well  by  following  the  reef  as  by  sound, 
then  such  practice  can  dispense  with  accurate  work,  and  calls 
into  existence  the  half  competent  individual.  As  a  result,  I 
fear  the  plan  record  of  much  valuable  information,  especially 
in  prospecting  work,  has  been  lost  to  us  through  lack  of  repre- 
sentation by  qualified  mine  surveyors.  This  matters  little, 
perhaps,  to  the  shareholder  in  a  mining  venture  if  he  knows 
that  i^  profit  has  been  made  and  a  portion  of  tliat  profit  lia.** 
reached  him  as  dividend ;  but  it  matters  a  lot  to  the  mining 
engineer  called  upon  to  report  on  the  future  prospects  of  a 
mine  if  he  has  no  careful  record  of  the  past  history  of  that  mine 
to  review. 

So,  passing  to  the  conditions  of  the  present  day,  we  are 
able  to  place  on  record  that,  though  the  workings  of  Govern- 
ments are  slow,  steps  are  surely  being  taken  to  qualify  certain 
men  for  the  responsible  work  of  mine  surveying.  In  describing 
the  duties  which  confront  the  surveyor,  I  am  referring  to  the 
"Mine''  Surveyor,  and  may  have  occasion  to  refer  to  alterations 
in  the  law  which  have  brought  about  a  change  in  his  work. 

It  is  the  almost  universal  custom  now  to  employ  a  resident 
surveyor  for  each  mine.  He  may  have  one  or  more  assistants, 
according  to  the  size  of  the  mine.  His  first  dutv  on  appoint- 
ment is  to  acquaint  himself  with  the  boundaries  of  his  property. 
Here  he   is  at  once  thrown   into  contact  with   the  work  of  a 
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goverament  survejtn^  who  lias  surveyed  llie  several  units  of 
claim  area,  of  whicli  tUie  mining  proposition  may  be  the  sum, 
has  recorded  his  surveys  in  diagram  form  and  in  most  cases  has 
left  someone  vise  to  build  the  beacons. 

A  beacon  is  probably  too  well  known  to  all  to  need  descrip- 
tion, but  it  is  without  doubt  ttio  most  abused  representatioo  of 
a  point — -which  should  have  "no  parts  and  no  magnitude."  The 
point  may  be  fixed  by  the  government  surveyor  or  the  beacon 
may  be  accepted  by  him  and  fixed;  but,  in  either  case,  that 
mark,  through  no  fault  of  the  surveyor's,  never  seems  to  remain 
for  long  in  the  exact  spot,  and  if  there  be  no  more  than  one 
government  surveyor  coucerued  in  the  survey  of  these  units, 
itbove  referred  to,  there  will  probably  be  small  discrepancies  in 
the  total  area  and  boundaries  of  the  property.  For  the  most 
part,  however,  a  goldilelds'  survey  has  followed  the  survey  of 
small  units  of  claims,  and  the  boundaries  of  most  of  the  older 
companies  have  limg  since  beeu  fixed  and  referred  to  one 
common  origin.  Government  trig,  stations  are  scattered  along 
the  fields,  and  the  sui-veyor  can  refer  to  these,  whilst  he  ia 
always  at  liberty  to  measure  his  own  base  line  and  determine 
anew  the  value  of  his  boundary  beacons.  In  this  he  is  largely 
assisted  by  the  government  surveyor's  work  of  fixing  myn- 
pachts,  werfs,  and  such  reserves  of  ground  prior  to  the  procla- 
mation of  the  farm  on  which  his  property  is  situated.  So  that 
the  surveyor  on  these  fields  is  not  cafled  upon  to  determine  his 
own  meridian,  and  this  one  factor  alone  admits  of  a  stiindard  of 
surveying  knowledge  which  is  less  advanced  than  that  required 
of  the  government  surveyor.  By  this  I  do  not  mean  to  imply 
that  it  is  unnecessary  for  a  mine  surveyor  to  know  how  to  deter- 
mine his  meridian,  for  these  fields  do  not  bound  (he  mining  area 
of  the  Colony,  and  it  may  possibly  occur  that  the  government 
Bnrveyor  has  nut  got  sufficiently  far  ahead  of  mining  work  to 
have  established  any  local  trig,  stations.  But  locally  we  can 
avail  ourselves  of  the  service  of  mine  surveyors  who  have  not 
advanced  to  this  standard  of  knowledge. 

Having  determined  the  value  of  his  boundary  beacons  to 
his  satisfaction,  the  surveyor  proceeds  to  run  a  small  triangula- 
tion  over  the  property  which  shall  serve  him  to  locate  (1)  his 
ehoft  or  shafts,  and  (2)  his  surface  works.  On  a  comparatively 
new  mining  venture  Ibis  work  does  not  present  any  great  diflli- 
cultv.  but  on  the  older  mines  evidences  of  such  surveys  are 
easily  obliterated  by  the  extensive  use  of  the  surface  for  the 
erection  of  reduction  plant,  <|uarters,  offices,  and  more  particu- 
larly, waste  rock,  tailings,  and  slimes  dumps.  In  such  cases  the 
selection  of  suitable  triangles  is  often  a  matter  of  some  difficulty; 
a  base  line  of  any  suitable  length  cannot  he  found  perhaps  on 
the  property,  and  resort  must  be  had  to  a  much  larger  triangu- 
lation  from  the  farm  boundary  than  would  otherwise  have  been 
■y  for  locating  the  surface  objects. 
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These  are  difficulties  which  call  for  ready  resource  from 
the  surveyor  and  test  his  knowledge  of  mathematics.  The  im- 
portance of  locating  a  shaft,  upon  which  the  subsequent  con- 
nection between  surface  and  underground  workings  must  bo 
correctly  established  in  relation  to  the  boundaries  of  the  pro- 
perty, cannot  be  overlooked. 

The  nature  of  traverse  work  employed  by  the  surveyor 
underground  is  apt  to  warp  his  appreciation  of  both  a  base-line 
of  the  correct  proportions  and  his  observation  of  the  angles  of 
triangles  on  the  surface.  Of  course  it  is  impossible  to  be  dog- 
matic and  lay  down  any  hard  and  fast  rule  as  to  dimensions, 
because  circumstances  alter  cases.  Before  proceeding  further 
with  the  connection  of  surface  and  underground  it  would  be  as 
well  to  follow  the  surveyor's  work  on  the  surface. 

From  the  small  or  secondary  triangulation  it  i.s  quite  easy 
to  fix  the  surface  works.  The  work  is  done  in  the  quickest 
manner  by  means  of  the  tacheometer,  of  suitable  dimensions  to 
give  accurate  readings  in  accord  with  the  scale  to  which  flio 
work  is  to  be  plotted  and  the  degree  of  utility  to  which  the  plan 
IS  to  be  placed.  In  practice  azimuth  angles  are  not  read  to 
seconds,  distances  are  read  in  feet,  and  inclined  distances  are 
not  reduced  for  moderate  degrees  of  dip.  A  sketch  should  accom- 
pany the  record  of  all  readings,  and  the  dimensions  of  buildings^ 
etc.,  are  made  by  tape,  affording  a  rough  check  on  the  tacheo- 
meter work.  In  plotting,  the  protractor  and  scale  are  the 
instruments  required,  and  the  size  or  form  of  the  protractor  will 
limit  the  accuracy  of  the  instrumental  reading  required.  The 
triangulation  often  accompanies  such  survey  work,  and  can  be 
carried  out  at  the  same  time.  The  calculation  precedes  the 
plotting,  and  the  plan  is  provided  with  a  suitable  net,  by  means 
of  which  the  trig,  points  are  accurately  plotted  to  form  a  base 
on  which  the  protracting  is  done. 

In  most  mines  construction  work  is  going  on  nearly  all 
through  the  life  of  the  mine.  The  mechanical  engineer  always 
wants  levels,  and  the  surveyor  sooner  or  later  will  be  called 
upon  for  a  contour  survey  of  some  sort.  A  contour  plan  enables 
the  mechanical  engineer  to  form  a  mental  picture  of  the  whole 
property,  and  to  rapidly  adapt  any  scheme  of  construction  to  its 
environment.  Two  methods  are  adopted  (1)  a  series  of  sectional 
levels  with  the  dumpy,  and  (2)  tacheometry.  The  former  is 
slow,  but  sure,  and  requires  little  further  comment  if  carried 
out  to  a  sufficient  extent  to  avoid  much  freehand  work  when 
drawing  in  the  contours.  The  latter  is  a  rapid  method  giving 
any  number  of  points  all  over  the  property.  It  has  the  disad- 
vantage, however,  of  not  shewing  up  local  depressions  or  irregu- 
larities of  surface,  which  for  the  mechanical  engineer  are  so 
important  for  the  consideration  of  his  excavation  and  founda- 
tion work.  Such  contouring  is  rather  a  guide  to  further  detail 
as  occasion  should  require. 


Olher  siirface  wiiik  required  of  the  surveyor  is  tUe  layiug 
out  of  coustructioik  work,  layiiig  down  centre  lines  of  engines, 
railway  sidings  and  dnm  conatruetiun. 

The  cuustructiou  work  may  be  extended  tn  the  measure- 
mo»t  of  maannry.  earlhwork  and  excavation  work,  and  in  many 
cases  the  surveyor  will  be  expected  to  know  what  is  good 
masonry,  concrete,  and  the  several  qualities  of  cement  work. 
«nd  also  what  burden  of  foundations  various  strata  can  bear. 

Laying  dowu  engines  with  an  instrumenl,  especially  wind- 
ing enginna  in  line  with  the  winding  sheaves,  is  often  required 
as  a  preliminary  to  fixing  the  template.  This  work  is  in  a  sense 
a  corollary  to  the  laying  nut  of  the  line  of  an  incline  shaft  on 
the  surface.  The  traflic  abont  the  collar  of  a  shaft,  the  many 
platforms  and  stages  sometimes  erected  over  (he  rollar,  are 
wont  to  interfere  with  the  surveyor's  shaft  point.  The  practice, 
therefore,  of  carrying  out  a  line  and  one  at  right  angles  to  it, 
80  as  to  recover,  if  not  the  actual  point,  at  least  the  line  of 
direction  of  the  shaft  cannot  be  too  strongly  recommended. 

Laying  out  railway  sidings  is  practically  an  innovation 
since  the  war,  and  is  work  which  on  tlie  average  is  neither 
extensive  nor  beset  with  any  great  difficulties.  Bunker  capacity 
at  the  boiler  house  fixes  the  terminal  level,  and  grades  of  SJ  to 
4  per  cent,  have  been  admitted  for  short  lengths.  These  and 
other  limitations,  however,  have  been  over-ridden  through 
necessity,  since  most  plants  have  been  laid  out  prior  to  the 
obtaining  of  permission  to  put  in  a  siding. 

Too  much  care  cannot  be  given  to  fixing  the  surveyor's 
surface  poinla.  The  object  of  the  survey  is  not  solely  tn  repre- 
sent contours,  surface  works,  etc.,  but  to  be  able  to  carry  on 
such  and  always  keep  up  to  date.  ITnfortunately.  such  points 
as  must  nearly  be  always  chosen  in  elevaleil  positions  on  dumps 
and  reservoir  banks  always  disappear,  and  Ihongh  excellent 
trig,  points,  become  useless  as  auxiliaries, 

Turning  now  to  underground  work,  we  come  into  louch 
with  the  mining  knowledge  of  the  surveyor.  The  primary  step 
in  connecting  surface  with  underground  has  already  been 
tnucbed  upon,  viz.,  the  location  of  shaft  point.  The  shaft  may 
be  vertical  or  inclined. 

In  the  case  of  a  vertical  shaft  the  method  adopted  in  the 
past  of  transferring  the  meridian  below  ground  has  been  by 
plumbing.  I  will  not  go  into  the  technical  details  of  this 
method,  the  matter  has  been  recently  touched  upon  in  the 
transactions  of  a  local  technical  society.*  The  discussion  of  a 
paper  nn  Ibis  subject  brought  to  light  the  most  recent  researches 
and  justify  me  in  declaring  that  we  must  endeavour  to  find  a 
more  accurate  method  of  transferring  our  meridian  down  a  deep 
vertical  shaft  than  by  pUimb-lines.       Air   cun-ents    have    been 
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proTed  to  cause  important  convergences  and  divergeiices  in  tlie 
plumbs  at  the  foot  of  the  shaft.    The  result  is  to  cause  an  error 
m  verticalitv  of  the  plamb-line,  and  an  error  in  the  orientation 
of  oar  base-line  down  below.     The  effect  of  sach  errors  trans- 
mitted through  several  hundreds  of  feet  of  driving  to  connect 
with  a  similar  drift  from  another  shaft  is  appreciable,  and  can 
easily  exceed  the  error  allowed  by  regulation.     To  overcome 
such  difficulty  there  are  two  possible  alternatives.     Firstly,  to 
work  back  from  a  permissible  error  in  the  undergroond  connec- 
tion rec|uired  to  the  orientation  of  the  base.  Assuming  the  error 
from  the  true  position  of  the  latter  to  be  due  to  air  currents,  we 
can  estimate  a  force  the  horizontal  component  of  which  will 
cause  this  displacement.    From  this  we  have  the  velocity  of  air 
current  and  bv  direct  measurement  of  ventilation  in  our  shaft 
can  tell  to  what  extent  we  must  impede  this  ventilation  for  the 
purpr^se  of  our  plumbing  so  as  to  keep  within  these  limits.   This 
is  not  a  method  which  I  can  recommend,  because  in  the  first 
place  we  have  not  reached  the  great  depths  which  I  am  antici- 
pating, and  secondly,  because  in  practice  one  is  not  at  liberty, 
as  a  rule,  to  spend  much  time  over  such  an  operation  in  a  shaft, 
nor  do  1  anticipate  that  one  will  be  in  a  position  to  reduce  the 
velorrity  of  the  air  current  to  that  requir€?d.     And  yet  I  cannot 
lay  out  any  more  satisfactory  suggestion  in  coming  to  my  second 
methfxl  of  overcoming  the  difficulty.     This  is  to  return  to  the 
use  of  a  nadir  instrument  and  bv  a  direct  observation  survev  in 
a  line  at  the  fof>t  of  the  shaft.     Experiments  in  this  direction 
have  been  recently  conducted  locally,  but  have,  1  understand, 
not  met  with  the  fullest  success.     We  have  here  to  encounter 
chif'fly  the  difficulties  of  distinct  vision  at  ^real  depths.     It  is 
an  inherent  factor  in  the  construction  of  a  telescope  that  mairni- 
fying  power  and  a  distinct  image  over  considerable  intervals  of 
space   and   the   atmospheric   conditions  encountered    in    shafts 
necessitate  an  objective  of  a  long  focal  length  and  of  some  size. 
Such   a   requirement   does   not   come   within   the   scope   of  the 
mining  thef>dolite  as  at  present  constructed,  and  it  remains  to 
be  seen  whether  experience  will  demand  the  construction  of  a 
special  instrument  for  this  purpose. 

In  the  case  of  an  inclined  shaft,  we  have  to  establish  our 
connection  witli  the  underground  workings  bv  means  of  a  tra- 
verse. A  traverse  means  simply  the  measurement  of  an  angle 
between  the  direction  of  one  line  and  another  from  the  point  of 
intersection  of  the  two  lines.  To  fix  the  lines  their  lengths  are 
measured,  and  both  angular  and  linear  measurements  referred 
to  one  common  origin  and  meridian  by  co-ordinate  geometry. 
You  will  recognise  the  details  of  backsight  and  foresight  from  a 
given  station,  and  it  will  not  be  necessary  for  me  to  elaborate 
the  points  in  connection  with  the  centreing  of  the  instrument 
and  location  of  bench-marks,  which  are  important  details  well 
explained  in  text-books.  But  it  is  advisable  to  call  attention  to 
the  apparently  simple  object  of  measuring  this  angle.     I  have 
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not  HO  far  made  any  lefei'Ciice  to  methods  of  using  a  aurveyiug 
i»sti-unieiil,  nor  have  I  spoken  of  the  instruments  themselves. 
The  mining  theodolite  la  so  bound  up  with  the  history  of  sur- 
veying that  it  would  form  a  big  treatise  in  itself  to  trace  its 
growth  ami  development.  In  fact  a  diacussiou  raised  in  the 
American  Inat.  of  Mining  Eiigiueers"  extended  over  a  period  of 
several  years,  and  drew  eontributions  from  all  parts  of  the 
world.  In  this  district  there  are  many  tj-pes  of  instruments  in 
use  of  English,  German,  and  American  make,  and,  almost  uni- 
versally, tniusit  theodolites,  sometimes  combined  with  the 
tacheomeler.  The  use  of  such  an  instrument  is  part  and  parcel 
of  the  theory  of  it«  design,  and  for  the  adjustments,  repitition  of 
angles  and  elimination  of  instrumental  and  personal  errors  of 
observation,  I  must  again  avoid  encroaching  upon  the  text- 
Imoks.  In  mining  work,  liowever,  there  are  points  which  are 
not  always  elaborated  in  text-books.  It  is  not  only  necessary  to 
<-heck  the  measurement  of  im  angle,  but  in  addition  to  the  elimi- 
nation of  the  errors,  I  have  already  referredto.it  is  necessary  to 
Revise  a  method  of  reading  that  angle  and  recording  the  reading 
by  some  mechanical  self-checking  process. 

The  traverse  is  further  extended  to  the  fixing  of  relative 
levels  of  all  benchmarks.  This  may  be  done  in  the  one  opera- 
lion  of  fixing  the  azimuth  of  the  new  station  by  means  of  the 
vertical  circle  attached  to  the  instrument  and  certain  measure- 
ment of  plumb-lines  used,  or  it  may  be  carried  out  indepen- 
dently by  the  dumpy  level  and  levelling  staff.  Vertical  angles 
may  be  read  and  checked  by  a  similar  self-checking  process. 
The  surveyor  has  to  bear  in  mind  the  advisability  of  always 
l)eing  up  to  date  with  his  work,  and  I  think  (hat  these  two  pro- 
<^esBes  sliouhl  be  both  employed,  the  latter  as  a  check  on  the 
former. 

Whilsl  conducting  a  traverse  along  the  level,  the  surveyor 
has  to  note  the  position  of  his  elation  points  in  the  drive,  and 
1o  refer  Ihe  sides  of  the  drive, by  off-setting  or  sketching  to  his 
traverse,,  line.  Faults,  dykes,  and  dislocations  of  all  kinds  have 
fo  be  fixed  before  proceeding  and  sketched  in  the  fielil-book  for 
■future  reference.  Development  work  precedes  stoping,  so  that 
T>ox-hoIes  for  the  slope  plan  will  be  measured  in  later. 

Until  recently  it  was  Jiot  compulsory  for  the  surveyor  to 
Tiave  to  represent  anything  more  In  plan  than  the  actual  drifting 
and  sloping  of  the  mine.  That  is  to  say.  the  Government  did 
not  rpquire  of  him  more  than  the  representation  iu  plan  of  any 
Tiole  in  the  ground.  Instructions  were  drawn  up  so  as  to  illus- 
irate  the  difference  between  one  hole  and  another,  but  there  was 
no  call  for  reoresentation  of  where  the  ore  body  was  being  ex- 
ploited and  where  not.  It  is  due  to  the  present  Government, 
who,  after  several  consultations  with  the  mine  surveyors  them- 
Ives,  with  the  consulting  engineers  and  with  the  mine  man- 
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agers,  decided  to  call  for  information  on  the  plan  as  to  the 
nature  and  extent  of  the  reefs  worked.     It  was  only  nmtaral 
that  the  surveyor  with  his  mining  knowledge  was  always  ex- 
pected by  his  manager  to  be  conversant  with  this  important 
information,  but  he  was  never  called  upon  to  shew  it  in  plan> 
and  there  was,  therefore,  no  means  of  passing  on  this  knowledge 
to  his  successor.    Xow,  however,  by  a  simple  process  of  represen- 
tation in  colours,  he  is  able  to  shew  just  where  the  reef  is  and 
just  what  reef  it  is.    Minor  details  such  as  dip  are  further  added, 
and  the  whole  is  now  a  picture  of  how  the  work  of  exploration 
is  being  conducted-     The  surveyor  is  called  upon  to  show  sepa- 
rately the  work  of  development  and  the  work  of  stopi^g.     The 
representation  of  the  stopes  occupies  much  of  his  time.     He 
must  be  prepared  to  satisfy  contractors  with  his  measurements^ 
and  he  must  follow  up  the  work  done  by  day's  pav,  whether  by 
machine  or  hand  labour.    At  certain  fixed  intervals,  which  may 
be  quarterly  or  monthly,  he  is  expected  to  be  able  to  give  a 
return  of  the  total  tons  extracted  over  a  certain  area  at  a  certain 
thickness.     From   his   careful   determination   of  these   factors 
depends  the  estimate  of  the  future  life  of  the  mine.    He  may  in 
cases  be  called  up<^>n  to  keep  the  cost  sheets  of  work  done  on  con- 
tract, and  to  sign  a  statement  of  money  due  to  contractors  at  a 
price  fixed  by  his  manager.     In  development  work  it  is  ex- 
pected that  be  will  guide  the  man()gement  in  the  following  of 
reef,  and  in  the  search  after  it  when  faults  and  dislocations  of 
all  sorts  are  encountered.     He  will,  of  course,  have  to  lay  out 
and  carry  through  all  connections  in  the  course  of  development. 
He  will  furnish  the  information  for  the  return  of  ore  reserves. 
In  office  work  he  must  be  a  miick  draughtsman,  neatness 
and  nniformitv  of  work  are  verv  aavisable,  but  should  never  be- 
saf-rifircd  for  the  sake  of  arcuracy.     In  calculation  work  there  is 
one  golden  rule  that  all  calculations  made  must  be  checked  by 
some  independent  method.     It  sounds  laborious  to  have  to  check 
the  conversion,  say,  of  Cape  fc*et  into  English  feet  by  turning 
Encrlish  feet  bark  into  Cape  feet,  but  it  is  the  only  sound  prin- 
ciple.    Surface  triangles  are  l)est  calfiilated  in  accordance  with 
the  prartiee  of  government  surveyors  of  the  Colony,*  affording 
a  meflianical  as  well  as  actual  check  on  the  one  point  at  the 
apex.  Traverses  are  tackled  by  taking  angles  from  the  field-book 
in  surli  a  manner  that  the  sum  of  the  aneles  observed  at  any  one^ 
station  are  adjusted  to  -500  degrees.     These  are  referred  to  the 
angle  of  direction  or  bearing  of  backsight  in  such  manner  that 
an  angle  measured  in  what  is  often  railed  the  right-hand  way  or 
left-hand  way  does  not  need  to  worry  the  surveyor,  since  the- 
angle  of  direction  of  his  foi-esiarht  will  come  out  to  a  directi<m 
checked  by  another  180  degrees  from   it.     Latitudes  and   de- 
partures are  calculated  by  any  two  of  the  followiuflr  methods:  — 
Logarithmic  tables,  traverse  tables,  natural   sines  and  cosines 

•  Vifif  Table**  of  Natural  Sin«»*i  ami  Cocaines  by  C.  L.  H.  Majc  Jtirisch. 
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and  the  calculating  machine.  The  addition  of  the  co-ordinate 
values  of  a  station  to  the  calculated  latitudes  and  departures  is 
done  twice  to  determine  the  value  of  the  new  point.  There  is  a 
possible  source  of  error  in  extracting  the  angles  from  a  field- 
book,  and  to  eliminate  such  an  error  there  is  mucli  to  be  said  for 
following  the  traverse  by  an  independent  check  in  using  the  pris- 
matic compass.  Any  marked  difference  in  the  magnetic  decli- 
nation would  be  at  once  observed.  The  surveyor  is  often  using 
his  compass  in  determining  the  strike  of  any  fault  or  in  bringing 
the  face  of  a  drift  roughly  up  to  date;  so  that  he  will  in  the 
ordinary  course  of  work  be  brought  constantly  in  touch  with  a 
check  on  his  direction  referred  to  the  true  meridian. 

The  surveyor  may  be  called  upon  to  keep  a  plan  record  of 
all  values  as  disclosed  in  the  mine.  If  he  has  control  qf  the 
sampling,  his  knowledge  of  geology  is  further  exercised,  and  the 
assay  results  of  samples  are  compiled  by  him  in  suitable  form 
according  to  requirements.  When  the  sampling  is  conducted 
independently  of  his  office,  he  is  not  infrequently  required  to 
record  on  an  assay  plan  information  supplied  him  from  the 
assav  office. 

It  is  obvious  now,  if  we  reflect  upon  the  many  points 
which  I  have  endeavoured  to  enumerate,  without,  I  hope,  going 
too  firreatly  into  detail,  that  we  have  here  a  species  of  knowledge 
which  we  can  class  as  professional.  The  Government  is  on 
the  eve  of  granting  certificates  to  mine  surveyors,  and  in  a 
sense  they  will  be  creating  a  distinct  profession.  Such  a  pro- 
fession is,  I  think,  worthy  of  consideration.  In  the  past  we 
have  seen  the  mine  surveyor  filling  such  a  position  on  a  mine 
largely  with  a  view  to  perfecting  his  knowledge  of  mining 
engineering,  and  not  the  accuracy  of  his  surveying  methods. 
He  was,  for  a  man  with  a  technical  training,  a  not  too  highly 
paid  official  of  the  mine,  filling  a  temporary  position  prelimi- 
nary to  that  of  a  mine  captain's  work  or  even  manager's.  But 
now  there  is  a  hope  of  change  of  a  more  encouraging  nature. 
Such  accurate  observation  as  is  now  required  of  him,  such  a 
standard  as  will  be  given  him  by  the  Government  will  surely 
create  a  feeling  amongst  the  directors  of  this  mining  industry 
that  we  can  better  make  use  of  this  species  of  knowledge  the  sur- 
veyor is  acquiring,  than  by  allowing  him  to  move  about  from  one 
step  to  another  in  the  profession  of  mining;  tliat  it  will  pay 
us  to  recognise  tlie  profession  of  a  mine  surveyor.  We  can 
couple  with  his  duties  the  control  of  sampling  and  assay  work, 
about  which  I  have  said  little  in  my  previous  remarks,  and  thus 
make  of  him  a  valuator  of  considerable  usefulness,  a  technical 
adviser  on  the  mine,  untrammelled  by  the  consideration  of 
business  requirements  in  running  that  mine. 


:J1.— GEODETIC  SritVEYIXG. 
By  W.  II.  GuEATiiEAD,  A.M.I.C.E. 

Geodesy  is  the  science  of  surveying  extended  to  large  tracts 
of  tlie  earth's  surface,  not  only  for  framing  or  producing  maps 
of  very  great  accuracy,  but  for  the  determination  of  the.curva- 
ture  of  the  surface  of  this  planet,  and  of  its  figure  and  dimen- 
sions, as  also  the  measurement  of  an  arc  of  meridian. 

In  France,  however,  such  a  survey  was  carried  out  to  deter- 
mine the  length  of  the  metre,  which  was  to  be,  and  now  is,  the 
standard  there.  For  this  purpose  an  arc  of  meridian  was  mea- 
sured, and  the  metre  was  made  an  aliquot  part  of  a  degree  of  the 
meridian  in  the  mean  latitude  of  45  deg.  north  latitude,  and 
defined  to  be  the  ten-millionth  part  of  a  quarter  of  a  great  circle 
passing  through  the  poles.  The  French  Commissioners,  how- 
ever, having  in  their  calculations  employed  l-324th  as  the 
value  of  the  earth's  compression,  now  known  to  be  incorrect,  the 
metre,  strictly  speaking,  can  no  longer  be  so  defined. 

The  basis  of  a  geodetic  survey  is  an  accurate  triangulation. 
Before  any  operations  are  actually  started,  it  is  necessary  first 
to  inspect  the  portion  of  country  where  the  survey  is  to  take 
place,  in  order  to  find  out  whether  it  is  suitable  for  astronomical 
observations,  and  for  triangulation.  This  applies  especially  to 
parts  of  the  globe  that  are  little  known. 

Having  decided  on  the  portion  of  country  over  which  it  is 
considered  advisable  to  carry  out  a  geodetic  survey,  it  is  neces- 
sary to  fix  upon  the  most  suitable  spot  for  measuring  a  base- 
line and  other  places  (along  the  line  of  triangulation,  if  for  a 
meridian  arc  only)  for  the  measurement  of  other  base-lines, 
either  to  art  as  "  bases  of  verification,''  or  as  the  primary  bases 
to  control  tlie  lengtlis  of  the  system  of  triangulation. 

The  measurement  of  a  base-line  has  to  be  done  with  the 
greatest  care  in  order  to  secure  accuracy,  which  is  of  the  utmost 
importance;  this  must  be  so,  as  all  lengths  of  the  sides  of  the 
triangles  are  deduced  from  the  base-line. 

Tlie  representation  of  the  unit  of  length  is  never  free  from 
probable  error,  owing  to  our  not  knowing  the  exact  temperature 
of  the  bar  of  metal  used.  Then  the  transfer  of  this  unit,  or  a  mul- 
tiple of  it,  to  measuring  bars,  chains,  steel  tapes,  wires,  or  what- 
ever apparatus  is  to  be  used  in  the  measurement  of  the  base-line, 
is  also  affected  by  errors  of  observation,  and  by  the  uncertainty 
of  temperature. 

As  the  mercury  in  the  thermometer  does  not  change  its 
temperature  at  the  same  rate  as  the  material  of  which  the 
different  apparatus  is  composed,  it  is  advisable  to  carry  out  the 
measurement,  as  also  the  standardising  of  the  apparatus,  during 
a  period  when  there  is  the  least  change  in  the  temperature. 

If  the  apparatus  be  not  compensated,  then  very  careful  ex- 
periments must  be  carried  out  to  determine  its  co-efficient  of 
expansion. 
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Tliere  are  seven  causes  of  probable  error,  due  io  alignment. 
iclination.  comparisons  with  standards,  readings  of  indtx,  jilt- 
vflonal  errors,  uncertainty  of  temperature,  and  adopted  rale  uf 
«xpansion. 

In  the  meaBiiremeiit  of  the  base  on  the  ordnance  survcj  of 
Ireland  in  1847,  General  Colby's  "  compenaatiuir  bars  "  were 
■used,  This  apparatus  ronsista  of  ttro  bars,  one  of  iroji  and  tiie 
other  of  braas,  placed  parallel  to  each  other  l^  inches  apart, 
livetted  together  at  their  centres,  it  baring  been  asccrliutipd 
that  they  expanded  and  contracted  in  their  transition  from  cold 
to  heat,  and  the  reverse,  in  the  proportion  of  three  lo  five.  At 
the  extremities  of  these  bars  are  fixed  tongues  of  iron,  with 
minute  dots  of  platinum  so  situated  on  these  tongues  that  at 
different  teiiiTieratures  they  remain  at  a  ronsta  t  distance.  The 
rods  had  to  be  supported  tlirougbout  in  troug  is  and  the  mea- 
surement niuJp  by  visual  and  nut  actual  contact,  puwcrfnl 
microscopes  being  used  for  the  purpose. 

The  distance  measured  in  a  (lay  was.  on  the  avenig?,  250 
feet.  In  the  Indian  survey,  where  the  same  apparatus  was  used, 
the  speed  of  the  measurement  was  greater,  amounting  to  one 
mile  in  five  days. 

An  appliance  invented  by  Professor  -Taderin,  of  Sweden. 
and  which  is  gaining  the  confidence  of  geodeaists,  renders  the 
measurement  of  a  base  line  more  easy  and  more  rapid.  This 
is  the  use  of  nickel-steel  wires  of  one-sixteenth  inch  thick,  with 
small  graduated  scales  at  tbo  ends.  The  co-effioieni  of  expan- 
sion of  nickel-steel  being  very  low  and  consistent,  there  it  less 
chance  of  error  due  to  the  uncertainty  of  knowing  the  exact 
temperature  of  the  wires. 

This  appliance  was  used  by  the  Russian-Swedish  expedition 
which  went  to  Spitzbergen  in  1899  and  carried  out  the  measure- 
ment of  an  arc  of  meridian,  from  South  Cape  76  dcg.  W  min. 
latitude  north,  to  Eosso  80  deg.  50  min.  latitude  nnrlli,  Ihe 
wires  used  being  kept  at  a  given  constant  tension  by  llie  use  of 
two  dynamometers.  Special  tripods  were  arranged  along  the 
baae-Iine,  and  the  exart  interval  between  niaikw  on  two  iripnd 
heads  was  measured.  The  readings  were  taken  four  times,  and 
B  base  of  B.^iOO  yards  measured  in  four  days,  with  a  probable 
error  of  1  in  400,000.  The  triangulation  was  completed  to- 
wards the  enil  of  1901. 

In  1902  the  coast  and  geodetic  survey  of  the  United  Stales 
bad  in  hand  the  completion  of  two  systems  of  triangulation. 
which  will  form  the  main  framework  or  control  for  all  sui-veys 
in  the  States.  Xine  primarv  base  lines  have  been  measured,  and 
will  control  Ibe  lengths  on  1.100  miles  of  the  f)8lh  meridian  tri- 
angulation. The  base-lines  were  measured  before  any  triangu- 
lation was  started.  The  bases,  ranging  from  about  6,000  yards 
"to  13,000  yards  in  length,  with  an  aggregate  of  4:1  mile,  were 
'measured  in  six  months,  by  a  party  of  ten  persons,  of  whom 
^three  were  experienced  surveyors,  the  average  probable  error 
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partly  fnr  the  purpose  of  forming  reference  points  to  correct  the 
then  very  inaccurate  and  deferlive  §tate  of  the  charts  of  the 
coast,  and  partly  to  afford  means  of  better  connecting  the  de- 
tached property  surveys,  through  that  portion  of  the  Colony. 

When,  in  1862,  the  work  was  completed,  the  survey  party 
embarked  at  Algoa  Bay  en  route  for  England  on  board  the  ill- 
fated  steamer  "  Waldensian,"  which  struck  upon  the  rocks  off 
Struys  Point,  and  became  a  total  wreck,  the  instruments,  draw- 
ings, and  original  obsei-vation  hooks,  sheets  with  full  abstracts, 
calculation  books  of  every  kind,  all  complete  in  every  respect, 
were  lost. 

fortunately,  cojjies  of  "  Abstracts  of  Angles  "  had  been 
supplied  to  the  Admiralty  Surveyor  engaged  on  the  coast  sur- 
vey, and  other  "  Abstracts  of  Angles"  (o  the  Surveyor-General, 
and  from  these  and  other  information  supplied  to  other  persons 
an  account  of  the  work  was  compiled  by  Captain  Bailey,  and 
printed  in  a  report  to  the  Cape  Parliament  in  1863. 

To  Sir  David  Gill,  who  was  appointed  as  Her  Majesty's 
Astronomer  at  the  C'ape  in  18T9,  is  due  the  great  progress  made 
in  the  geodetic  survev  of  South  Africa. 

To  Sir  David  Gill  I  must  apologise  for  the  free  use  I  have 
made  of  bis  report  on  the  Geodetic  Sui-vey  of  South  Africa,  made 
in  1895,  and  printed  in  the  Cape  Colony  blue  book  of  1896. 
To  this  report,  and  also  thai  of  Colonel  Morris,  who  executed 
the  sur^■ey  under  the  direction  of  Sir  David  Gill,  and  which  is 
printed  in  the  same  blue  book,  I  would  refer  anyone  who  is 
anxious  to  study  the  question  of  geodetic  surveying,  for  in  it 
there  is  to  be  found  a  complete  account  of  all  the  operations. 

The  geodetic  survey  reported  on  extends  from  the  north  of 
XatHl  through  Griqualand  East  to  Port  Elizabeth,  from  Port 
Elizabeth  tu  Caledon  and  Cape  Town,  Port  Elizabeth  fo  Klm- 
berley,  Hanover  to  Calvinia,  Cape  Town  to  Calvinia,  and  a  tie 
from  Fraaorburg  to  Oudtshoorn.  The  work  was  executed  dur- 
ing the  years  IfiSa  to  1892. 

Through  Sir  David  Gill's  instrumentality,  a  geodetic  sur- 
vey has  been  carried  out,  extending  along  the  30th  meridian, 
from  the  south  of  Bulnwayo  to  the  Zambesi. 

Colonel  Morris  is  at  present  carrying  out  a  geodetic  survey 
in  this  colony. 

Before  measuring  the  base  lines  in  connection  with  the 
Natal  and  Cape  Colony  surveys,  the  standard  bar  of  the  Capo 
Colony  was  sent  to  France  to  be  tested,  and  thoroughly  investi- 
gated. This  work  was,  raoat  kindly,  voluntarily  undertaken  by 
the  International  Bureau  of  Weights  and  Measures  at  Breteuil, 
near  Paris.  . 

This  standard  bar  was  used  by  Sir  Thomas  Haclear,  and  is 
B  rectangular  iron  bar  64.5  millimetres  (2i  inches)  deep,  bv  ^8 
millimetres  (11  inches')  broad.  For  a  distance  of  abont  two 
inches  from  its  extremities,  it  is  cut  down  to  half  its  height,  ex- 
posing two  plane  rectangular  surfaces  coincident  with  its  r 
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tral  axis.  In  the  centre  of  each  of  these  surfaces  is  embedded 
a  circular  surface  of  gold,  and  upon  each  circular  surface  is  a 
small  dot.  The  distance  between  the  centres  of  these  dots  re- 
presents the  original  standard.  Sir  David  Gill  had  a  fine  line 
engraved  beside  each  dot;  the  distance  between  the  centres  of 
these  lines  represents  the  present  standard. 

The  bar  is  mounted  in  a  deal  box,  to  the  bottom  of  which 
rollers  are  attached ;  the  bar  is  supported  by  these  rollers.  The 
ends  of  the  bar  project  beyond  the  ends  of  the  box,  but  are  pro- 
tected by  brass  covers  when  not  in  use. 

Two  thermometers  are  fixed  to  the  upper  surface  of  the  bar, 
their  bulbs  entering  holes  bored  in  the  bar,  vertically  over  the 
supporting  rollers.  A  level  is  also  attached  to  the  upper  sur- 
face of  the  bar. 

The  details  of  the  investigation  of  the  constants  of  the 
bar,  and  its  comparison  with  the  French  standard,  would  take 
too  long  to  give,  as  well  as  become  wearisome  to  many. 

The  apparatus  used  in  measuring  the  base-lines  in  the 
Natal  and  Cape  Colony  survey  consisted  of :  — 

5  steel  bars,  each  10  feet  long. 

10  brass  camels,  for  supporting  the  bar  boxes. 

20  wooden  tripods  to  support  the  camels. 

20  wooden  triangles,  upon  which  the  tripods  rest. 

Wooden  pickets,  to  be  driven  into  the  ground  to  sup- 
port the  triangles. 

6  portable  huts,  constructed  of  wooden  frames,  covered 

with  canvas,  to  protect  the  apparatus,  and  the  observers 
from  wind  and  sunshine,  during  the  measurement. 
2  transferring  apparatus. 
4  lining  and  centreing  theodolites. 
The  bars  are  rectangular,  being  1.65  inches  deep,  and  1.20 
inches  broad,^  except  at  their  extremities.       To  determine  the 
temperature  three  thermometers  are  attached  to  the  upper  sur- 
face of  each  bar.     A  graduated  level  is  also  attached  to  each  bar 
for  levelling  up.     Microscopes,  witli  micrometer  attachments, 
are  fixed  at  the  brass  ends  of  the  bar  boxes,  to  estimate  the  coin- 
cidence of  the  terminal  lines  on  two  contiguous  bars.     The  five 
bars  are  used  together,    each    being    supported    on    two    brass 
camels. 

A  distance  of  500  to  700  feet  is  measured  both  forwards 
and  backwards  in  a  day. 

In  the  measurement  of  the  base-lines  in  Ehodesia,  Jade- 

rin's  appliance   was   used.      The  wires   used   may  be  of  any 

desired  length ;  in  the  case  of  a  sixty  foot  wire,  no  intermediate 

support  is  necessary,  the  wire  being  stretched  from  one  tripod 

another.     The  tripods  being  placed  about  the  correct  dis- 

(6  apart,  and  marks  made  previously  on  the  top,  the  distance 

reen  these  can  be  accurately  measured,  or  solid  stakes  may 

riTen  into  the  ground  at  the  proper  distances,  with  small 
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ibles  OE  tlieir  tops,  to  whith  pkles  of  zinc  are  nailed.       The 

■;ioa  of  the  forward  end  graduation  of  the  wire  or  narrow 

'  IS  marked  on  the  plates  aa  the  work  progressea,  by  means  of 

harp  bradawl  held  against  the  edge  of  a  try-sfjuare  aligned 

against  the  edge  of  the  plate,   the   rear-end   graduation   being 

brought  in  coincidence  with  these  marks. 

At  each  end  of  a  base-line  permanent  marks  are  left,  which 
san  be  referred  to  again  if  necessary. 

The  altitude  of  the  base-line  above  sea-lerd  has  tn  be  de- 
termined, for  in  all  geodetic  work  it  is  necessary  to  iiave  some 
base  to  which  tn  refer,  and  that  of  the  mean  aea-level  Las  been 
taken  to  be  the  most  appropriate. 

During  the  actual  measurement  of  the  base-line,  the  in- 
clines of  the  different  portions  are  taken,  or  in  the  case  of  using 
Sires,  the  levels  of  the  tops  of  the  tripods,  and  the  length  of 
le  baae  altered  accordingly. 

The  necessity  of  then  reducing  the  length  of  the  base  to 
aea-level  for  geodetic  purposes  is  very  apparent,  when  we  con- 
sider the  degree  of  accuracy  aimed  at,  and  also  the  great  correc- 
tion required. 

Considering  the  earth  as  a  sphere  with  a  radius  of  about 
four  thousand  miles,  a  base  of  4,000  yards,  measured  at  an  alti- 
tude of  one  mile,  5,280  fee)  (being  somewhat  less  than  the  eleva- 
tion of  Johannesburg)  above  the  sea,  would,  when  radially  pro- 
jected on  to  the  sea,  be  3,99y  yards,  or  in  other  words  would 
lljiave  to  be  adjusted  to  the  extent  of  1  in  4.000. 
*  Few  bases  have  ever  been  measured  solely  for  the  deter- 

mination of  the  value  of  an  arc  of  the  meridian,  or  of  a  parallel 
of  longitude,  but  have  formed  at  the  same  time  the  foundation 
of  the  suTTey  of  a  country,  conaei|uently  the  stations  used  in 
carrying  out  the  geodetic  survey  are  generally  constructed  of 
some  durable  material,  and  also  have  marks  that  can  be  re- 
covered, buried  below  them  in  the  ground.  Stations  having 
thus  been  constructed  to  form  a  chain,  or  chains,  of  triangiila- 
tions,  the  nest  operation  conaists  in  observing  the  angles  of  the 
'  'iangles. 

The  theodolite  used  for  this  purpose  must  rest  on  a  solid 
lundation,  and  when  it  is  necessary,  as  is  sometimes  the  case, 
.at  a  scaffold  has  to  be  erected  to  support  the  instrument,  then 
lother  has  to  be  erected  outside  this  to  carry  the  observer,  and 
lese  two  must  not  in  any  way  touch. 

The  instrument  is  adjusted  at  every  station,  and  numerous 
ladings  of  the  various  stations  taken,  in  order  to  get  rid  of  any 
ors  of  graduation,  and  so  secure  the  angular  values  with  the 
degree  of  probable  error. 

Owing  to  the  fact  that  the  axis  of  rotation  of  the  theodolite 
linoides  with  the  normal  to  the  earth 'a  surface,  no  correction 
required  on  account  of  its  height  above  the  sea,  and  as  the 
igles  measured  between  distant  points  are  those  contained  be- 
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tween  the  vertical  planes  passing  through  the  axis  of  the  instru- 
ment and  those  points,  the  angles  measured  are  those  of  a 
spherical  triangle. 

Naturally  the  instruments  used  vary  in  size  and  pattern. 
The  graduations  are  read  by  means  of  micrometers,  where 
great  accuracy  is  required,  or  by  the  usual  microscopes.  Astro- 
nomical observations  are  taken  at  such  stations  as  are  required, 
the  direction  of  the  meridian  or  true  north  is  determined,  and 
the  azimuths  of  the  stations  noted.  Further  observations  are 
also  taken  for  latitude  and  longitude,  to  determine  the  actual 
position  of  these  points  on  the  earth's  surface. 

The   actual    work    of    observing   requires    a    considerable 
amount  of  patience. 

Owing  to  climatic  disturbances,  it  sometimes  happens  that 
an  observer  may  have  to  remain  for  days  or  even  weeks  to  ob- 
tain a  sight  to  some  station  he  is  particularly  anxious  to  observe. 
It  sometimes  happens,  too,  that  a  station  of  importance  has 
been  struck  by  lightning,  and  has  to  be  rebuilt  before  the  neces- 
sary observations  can  be  taken.  Throughout  all  operations, 
constant  watch  has  to  be  kept,  that  no  cause  of  error  may  pass 
undetected.  With  regard  to  the  observations  of  the  angles,  it  is 
well  to  divide  the  time  taken  in  making  these,  so  as  to  extend 
over  some  days,  or  in  any  case  that  a  number  of  observations 
may  be  taken  in  the  morning,  and  a  like  number  in  the  after- 
noon ;  this  is  to  get  rid  of  errors  of  lateral  refraction,  which  at 
times  is  considerable.  It  is  of  importance  to  have  a  clear  and 
<listinct  object  to  which  to  observe.  That  used  in  the  Rhode- 
sian  survey  was  very  clear  and  inexpensive.  Two  discs  about 
two  feet  in  diameter  were  attached  at  right  angles  to  each  other 
to  a  short  piece  of  gas-pipe  or  iron  rod,  and  this  in  turn  fitted 
into  a  gas-pipe  of  larger  diameter.  The  larger  gas-pipe,  having 
been  erected  perpendicularly  over  a  mark  on  the  surface  of  the 
ground,  was  made  permanent  bj'  means  of  masonry  built  in  the 
form  of  a  rone. 

All  the  field  work  having  been  finished,  the  next  work  is 
carried  out  in  the  office  :  this  is  the  calculation  of  the  triangula- 
tion. 

Inevitable  errors  of  observation,  inseparable  from  all  mea- 
surements, introduce  a  great  difficulty  into  the  calculations  of 
the  sides  of  the  triangles. 

Start inpr  from  a  given  base,  in  order  to  get  a  required  dis- 
tance ('that  is,  the  distance  between  any  two  points),  it  may 
generally  be  obtained  in  different  ways,  or  by  a  different  set  of 
triangles.  The  results  will  certainly  not  be  the  same.  Experi- 
ence of  the  computer  will  assist  him  to  decide  on  the  most  trust- 
worthy result. 

The  angles  observed  being  those  forming  the  angles  of  a 
spherical  triancrle,  it  is  possible  to  find  out  the  sum  of  the  errors 
of  the  observed  angles.     In  a  plane  triangle,  the  sum  of  the 
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three  angles  should  be  equal  to  180  deg.,  but  that  of  a  spherical 
triangle,  somewhat  greater.  As  the  area  of  a  spherical  triangle 
depends  upon  the  excess  of  the  sum  of  the  angles  over  180  deg., 
so,  by  knowing  the  area,  the  amount  of  the  spherical  excess  is 
obtainable.  The  area  of  a  spherical  triangle  as  generally  used, 
being  almost  the  same  as  that  of  a  plane  triangle  of  the  same 
length  of  sides,  the  excess  is  easily  arrived  at.  In  a  triangle 
of  75.8  square  miles  area,  which  is  equal  to  an  equilateral  tri- 
angle with  sides  about  13  miles  in  length,  the  spherical  excess 
is  only  one  second,  thus  the  excess  in  seconds  in  any  triangle 
would  be  its  area  multiplied  by  .01317. 

In  correcting  the  angles  of  a  triangle  it  is  necessary  to  be 
guided  by  the  weight  of  the  determination  of  each  angle.  When 
a  series  of  direct  and  independent  observations  is  made  under 
similar  circumstances  of  any  measurable  magnitude,  such  as  an 
angle,  the  weight  of  the  result  is  equal  to  half  the  square  of 
the  number  of  observations,  divided  by  the  sum  of  the  squares 
of  the  differences  of  the  individual  measures  from  the  mean 
of  all. 

Let  E  be  the  error,  H,  K,  L,  be  the  weights  of  the  three 
angles,  and  let  X,  T,  Z  be  the  corrections  to  apply. 

We  know  that  X  plus  Y  plus  Z  plus  E  =  O,  and  the  most 
probable  values  are  those  which  make  HX-  plus  KY-  plus  LZ-  a 
minimum 

Here  we  get  a  simple  problem,  the  result  of  which  is 
HX  =  KY  =  LZ,  which  shows  that  the  error  has  to  be  divided 
into  three  parts,  which  shall  be  proportional  to  the  reciprocals 
of  the  weights  of  the  correspondmg  angles. 

Suppose  the  weights  equal,  then  we  subtract  one-third  of 
the  error  from  each. 

The  calculating  of  the  triangulation  can  thus  be  made  by 
treating  the  triangles  as  spherical  triangles.  It  may  also  be 
done  by  considering  the  earth  as  a  spheroid,  which  makes  the 
^calculations  more  difficult,  or  in  accordance  with  Legendre's 
Theorem,  which  is  the  simplest. 

Legendre's  Theorem  is:  — 

*Mf  from  each  of  the  angles  of  a  spherical  triangle,  the 
sides  of  which  are  small  in  comparison  with  the  radius,  one- 
third  of  the  spherical  excess  be  deducted,  the  sides  of  the  angles 
thus  diminished  will  be  proportional  to  the  lengths  of  the  oppo- 
site sides,  so  that  the  triangle  may  be  computed  as  a  plane  tri- 
angle." 

By  this  means  the  spherical  triangles  which  present  them- 
selves in  geodesy  are  computed  with  very  nearlv  the  same  ease 
as  plane  triangles. 

The  angles  of  the  triangulation  being  adjusted,  the  next 
process  is  to  calculate  the  latitudes  and  longitudes  of  all  sta- 
tions from  one  point.  The  calculated  latitudes  and  longitudes 
and  azimuths  which  are  designated  geodetic  latitudes,  etc.,  are 
not  to  be  confounded  with  the  observed  or  astronomical  lati- 
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of  fire  known  to  the  writer  was  caused  by  a  workman  usin^  a 
rod  of  hot  iron  for  the  purpose  of  enlarging  holes  in  Karri  tim- 
ber. The  man  left  work  at  the  usual  time  in  the  evening  with- 
out exercising  sufficient  care  to  see  that  no  fire  remained  in  any 
of  the  holes,  whicli  was  evidently  not  the  ease,  as  on  the  workmen 
entering  the  building  on  the  following  morning  they  were 
amazed  to  find  the  place  in  flames.  Fortunately  the  fire  had 
not  obtained  a  ^reat  hold,  and  was  easily  extinguished. 

Electric  wires,  unless  properly  installed,  are  a  source  of 
danger,  not  only  on  account  of  the  liability  of  fire  from  short 
circuits,  but,  in  the  case  of  high  tension  current,  there  is  also 
danger  to  the  fireman  from  electric  shock.  High  tension 
circuits  should  be  led  from  the  generating  plant  direct  to  a 
transformer  station,  from  which  the  low  tension  current  can  be 
conveniently  distributed.  This  station  should  be  built  of  brick 
and  placed  in  a  suitable  spot,  and  at  a  distance  from  other 
structures. 

The  spontaneous  ignition  of  waste  saturated  with  oil  has 
been  the  cause  of  many  fires.  Of  the  oils,  linseed  is  the  worst 
offender,  cotton-seed,  lard,  sperm,  and  neatsfoot  oils  are  also 
dangerous,  while  mineral  oils  having  a  flash-point  below  300 
deg.  Fahr.  should  be  discarded.  All  oily  waste  should  be  re- 
moved every  day  and  consumed  in  a  boiler  furnace  or  other 
suitable  place.  Sawdust  impregnated  with  oil  is  just  as  liable 
to  ignite  as  waste,  and  is  deserving  of  the  same  precaution. 

Regular  oiling  of  machinery  is  a  very  necessary  precau- 
tion against  fire.  If  bearings  get  hot  through  the  friction  of 
the  parts,  due  to  lack  of  oil,  there  is  danger  of  the  wood-work 
in  their  near  neighbourhood  becoming  ignited. 

The  following  information,  taken  from  Mr.  C.  H.  J.  Wood- 
bury's work  on  '*  The  Fire  Protection  of  Mills,"  will  constitute 
a  fitting  conclusion  to  this  part  of  tlie  subject,  and  show  the 
diverse  causes  to  which  mill  fires  are  attributable,  and  empha- 
sises the  need  for  constant  care.  Out  of  a  list  of  575  fires,  178 
owed  their  origin  to  sparks,  136  to  friction,  121  to  spontaneous 
combustion,  49  to  lighting  apparatus,  40  to  matches,  10  to 
lightning,  the  remaining  41  to  various  causes,  amongst  which 
were  17  known  or  suspected  cases  of  incendiarism. 

yiRE   APPLI AXCES. 

Owing  to  the  varietj'  of  fire  appliances  ottered  for  sale,  con- 
siderable judgment  is  required  in  selecting  a  suitable  equip- 
ment. Some  mining  companies  have  already  expended  con- 
siderable sums  in  order  that  means  may  be  at  hand  to  suppress 
any  outbreak  of  fire.  This  is  a  step  in  the  right  direction,  but 
had  such  expenditure  been  made  under  the  advice  of  an  expert 
fire  authoritv  there  is  little  doubt  that  their  properties  would 
have  been  better  protected.  Want  of  uniformity  in  fittings, 
iaulty  arrangement  of  pipes  and  hydrants,  poor  quality  of  hose, 
olete  pnmping  machinery  were  to  be  found  in  many 
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eei'viws,  TUc  writer  liiia  kuowii  both  acrow  and  bayuuot  coup- 
lings to  k^  iiislnlle(l  ill  tlie  same  service,  hydrants  located  on 
the  iiLsirk-  nf  lull  111  i  lips,  iho  fire  pump  made  tu  do  duty  as  a 
boiler  ft-ii'd.  uiid  tbe  firu  liose  and  fittings  in  great  demand  for 
washing  utit  bciilei-.s  and  for  similar  purposes.  For  tliia  they  are 
uo  dtiiilit  lonvcnii'nl,  hut  tlie  hosf  as  a  tilt;  appliance  is  ceilainly 
not  thereby  euhanted  in  value. 

Before  installing  a  fire  service  the  supply  of  water  is  the 
first  consideration.  Furlnnately  almost  every  mining  company 
has  a  supply  of  water  nn  hand  for  milling  purposes,  which  can 
be  used  in  case  of  fire.  To  insure  that  it  shall  l)e  available  for 
this  purpose,  a  pipe  connetlion  should  be  made  between  the 
mill  reservoir  an<l  the  fire  pump.  This  connection  should  have 
ample  area,  and  i-ontiiin  as  few  fittings  as  possible.  The  num- 
ber of  valves  esperially  should  be  reduced  to  a  minimum  with 
riew  ti>  avoiding  delay  in  the  event  of  any  of  their  number 
being  closed  when  ti  fire  occurs.  Amongst  these  fittings  there 
sbouhl  be  a  large  strainer  for  the  purpose  of  preventing  chips 
or  other  obstructions  entering  the  pnmp.  In  the  case  of  the 
reservoir  being  at  an  elevation  above  that  nf  the  mains,  a  bye- 
pass  fitted  with  a  non-return  valvo  should  be  installed  between 
the  suction  and  delivery  pipes.  A  supply  of  water  at  a  low 
pi-esHuie  ciiiild  thus  be  obtained  in  case  of  emergency.  A  reli- 
able i-elief  valve  should  also  he  fitted  on  the  doHverj'  side  of 
the  pump,  in  order  to  guard  against  accident  in  the  event  of 
the  pump  starting  before  the  hydrants  are  open. 

The  pump,  which  should  be  of  a  reliable  make  and  speci- 
ally designed  for  fire  purposes,  should  be  placed  in  such  a 
position  that  the  water  will  flow  into  it,  to  secure  its  immediate 
operation  wlien  wanted.  A  good  type  of  pump  to  select  is  one 
known  as  ■'  The  rnderwriter  Fire  Puini)."  This  pump  is  of 
the  horizontal  duplex  pattern,  and  specially  designed  to  the 
apecificiitions  of  the  fiiv  insurance  companies.  It  has  large 
water  passages  and  valve  areas,  and  a  special  feattire  in  the 
pump  IS  that  it  is  rusi  proof  and  will  start  instantly  after  stand- 
ing unused  for  a  long  perio*!.  In  some  existing  fire  services  it 
is  the  practice  to  make  use  of  the  boiler  feed  pumps,  or  a  pump 
whose  chief  rerommcndatiun  is  its  cheapness:  in  other  cases  a 
pump  rescued  from  the  scrap  pile  is  made  to  do  duty,  and  at 
the  same  lime  satisfy  the  insurance  company.  These  piinipa 
are  fiW]uently  placed  in  the  engine  or  boiler  room  of  the  main 
power  plant,  which  is  a  practice  to  be  avoided,  as  slioulil  a  fire 
<)ccur  in  tlicsc  hoihlings  the  pumps  would  be  rendered  useless. 
The  fire  |>utii|i  slioiild  be  housed  in  a  special  building,  con- 
slructe-l  thniui;1ioiit  of  steel  and  iron,  and  situated  at  such  n 
distance  from  nthcr  buildings  Ihat  it  would  be  isolated  should 
a  fire  occur.  A  good  situation  would  be  at  a  distance  of  about 
200  feet  from  one  of  the  boiler  nlanls,  in  which  case  steam  may 
"he  earried  to  the  ]iurnp  through  properly  covered  piping,  Ihns 
■facilitating  the  starling  nf  the  pitm]).     In  addition  to  this  con- 
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nection  with  the  boiler  plant,  a  quick  steam-raising  fire-engine 
boiler  should  be  installed  in  the  fire  pump  building,  which 
would  be  available  in  case  of  fire  in  the  boiler  room. 

The  delivery  service,  which  comprises  the  piping  connect- 
ing the  various  hydrants  with  the  fire  pump,  should  receive  con- 
siderable attention.  The  main  should  be  of  such  area  that  the 
velocity  of  the  water  will  not  exceed  9  feet  per  second  under 
normal  conditions.  In  an  emergency  this  speed  may  be  in- 
creased 30  per  cent.  In  any  case  the  mains  leading  to  the 
hydrants  should  not  be  less  than  four  inches  in  diameter,  as 
water  on  mines  usually  carries  lime  and  other  impurities  in 
suspension,  which  in  time  are  deposited  in  sufficient  quantity 
to  seriously  reduce  the  area  of  the  pipe.  Mains  should  be  kept 
clear  of  buildings  as  far  as  possible.  In  the  case  of  hydrants  a 
distance  of  40  feet  should  be  observed,  and  these  should  be 
covered  with  straw  enclosed  in  a  canvas  cover.  If  not  pro- 
tected in  this  manner  there  is  a  danger  of  the  water  left  in  the 
stand-pipe  freezing  in  winter,  thus  rendering  the  hydrant  use- 
less. The  writer  has  known  as  many  as  five  valves  burst  in 
one  night  in  this  country  owing  to  severe  frost.  Compounds, 
carpenters'  shops,  smelting  houses,  and  other  places  which  are 
most  subject  to  fire  should  have  hydrants  placed  in  the  most 
convenient  position.  These  particular  hydrants  must  have  the 
hose  coupled  and  always  ready  for  immediate  action. 

In  selecting  fire-hose  the  purchaser  will  find  several  quali- 
ties of  both  canvas  and  rubber-lined  hose  in  the  market,  the 
latter,  however,  being  only  used  on  rare  occasions.  Leather 
hose  for  fire  purposes  is  out  of  date.  A  first-class  canvas  hose 
that  will  fill  all  requirements  should  be  liand  woven,  free  from 
irregularities  in  weaving,  and  capable  of  standing  200  lbs.  per 
square  inch  pressure.  It  should  also  be  able  to  stand  tlie  shock 
due  to  be  being  dropped  from  a  heiglit  of  five  feet  when  under 
a  pressure  of  100  lbs.  per  square  iiu-li.  All  hose  must  be  tested 
to  25  per  cent,  above  full  working  pressure  every  six  months  to 
insure  it  being  in  first-class  condition  when  wanted.  After 
having  been  used,  hose  should  be  washed,  carefully  drained,  and 
dried  on  a  suitable  rack  provided  for  this  purpose,  tlien  stored 
in  the  hose  cart,  placed  in  the  fire  station  in  a  convenient  posi- 
tion, which  is  dry,  and  where  there  is  a  good  circulation  of  air. 
The  hose  attached  to  the  li  yd  rants  for  emergency  use  should  be 
hunsr  on  a  peg  in  a  hose  box  placed  above  the  hydrant,  and 
coiled  in  such  a  manner  that  by  taking  hold  of  the  branch  and 
walking  away  from  the  box  the  hose  will  not  become  kinked. 

Of  the  many  different  connections  on  the  market  there  are 
but  two  distinct  types,  viz.,  the  instantaneous  and  the  screw. 
The  former,  when  used  with  a  reasonable  amount  of  care,  is 
very  effective.  The  modern  spring  coupling  is  a  great  im- 
provement on  the  old  form  of  bayonet  coupling,  and  is  every 
bit  as  reliable  as  the  screw  coupling,  and  has  the  advantage  of 
being  much  quicker  in  operation. 
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Blanches  are  usually  made  of  copper,  ami  are  from  '-Hi  in, 
to  30  in.  long.  A  length  of  about  ^4  iu.  is  found  very  con- 
venient for  general  inside  and  oulsido  work. 

The  size  and  shape  of  the  nozxle  are  details  to  which  special 
attention  should  be  given.  Careful  experiments  made  in  the 
1  iiited  States  by  Mr.  John  It.  Freeman  to  determine  tlie  most 
efficient  form  of  nozzle  deiuoiiat rated  that  the  co-efticient  of  diw- 
eharge  of  nozitles  of  the  same  general  form  when  tested  under 
oimilar  conditions  gave  results  which  were  identical  within  the 
practical  limits  of  measui-oment.  The  difference  between  the 
«oue  uo:!zle  and  the  ring  nozzle  is  more  apparent.  In  the  test 
mentioned,  the  co-effioient  for  the  cone  was  -988,  and  for  the 
ring  ■T-'J6.  Another  form  of  nozzle  claimed  by  some  to  be  spe- 
ciaUy  adapted  for  figliting  fire  inside  a  building  is  known  as  the 
"  Ball  Nozzle."  Thia  peculiar  deviue  consists  of  a  hell-shaped 
ur  flaring-mouth  nozzle,  with  a  ball  placed  loosely  in  the  monlh. 
Upon  water  issuing  the  ball  sleadfastly  adheres  to  the  nozzle 
and  divides  the  stream  into  a  fan-shaped  spray.  The  position 
of  the  nozzle  makes  no  difference.  If  turned  towards  the  ground 
the  result  will  be  found  to  be  the  same.  Variations  of  pi-essure, 
amounting  from  a  pound  to  hundreds  of  pounds,  will  fail  to 
dislodge  the  ball,  and  it  is  only  when  the  water  is  turned  off  that 
it  follows  the  law  of  gravity  and  falls  to  the  ground.  This 
nozzle  when  used  inside  n  burning  building  surrounds  the  fire- 
I  with  a  sheet  of  water,  driving  the  smoke  l>efore  him,  and 
at  the  same  time  extinguishing  the  flame. 

The  size  of  the  nozzle  depends  on  the  conditions  under 
which  it  is  used.  A  one-inch  nozzle  will  give  the  best  rcsullB 
when  the  fire  is  confined  within  narrow  limits  and  only  one  hose 
is  at  work,  but  when  the  fire  has  spread  and  three  or  four 
streams  aiv  necessary,  three-quarter  inch  nonnles  may  be  the 
best  to  use.  Should  the  fire,  on  the  other  hand,  occur  in  a  hiih 
building  or  headgear,  it  is  possible  that  half  inch  nozzles 
will  be  required.  To  provide  against  any  continirency  that  may 
arise,  three  or  four  nozzles  of  various  sizes  should  be  carried  in 
the  hose  cart.  All  nozzles  should  l>e  made  with  a  hexagon  boss 
for  the  purpose  of  unscrewing  them  from  the  branch  by  means 
of  a  wrench.  All  hose  and  fitlings  with  the  exception  of  those 
attached  to  the  hydrants  should  be  stored  in  a  central  position, 
and  in  addiliim  to  those  already  mentioned  should  i-onipiise  the 
following:  — 

One  fireman's  respirator. 

One  ladder  cart,  containing  four  ladders  of  n  length  tn  suit 
the  buildings  on  the  mine. 

Two  hose  carts,  marked  No.  1  and  No.  2,  each  coTituiuiug: 
50(1  feet  hose,  in  50  ft.  lengths. 

:1  branches,  each  filled  with  one-inch  nozzles. 
4  noxzles,  1^  in.,  J  in.,  |  in.,  and  \  in. 
I  branch,  fitted  wilh  a  smoke-driving  nozzle, 
■eking  axes. 
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2  saws. 

1  crowbar. 

2  canvas  buckets. 
2  50  ft.  lines. 

2  30  ft.  lines. 

2  20  ft.  lines. 

2  10  ft.  lines. 

2  pairs  rubber  pfloves. 

2  pairs  rubber  boots. 

2  torclies. 

2  lamps. 

2  monkey  wrenches. 
The  hose  cart  should  be  u  light,  substantial  vehicle,  the- 
body  consisting  of  a  box  with  three  compartments,  one  for  hose,, 
one  for  the  larger  appliances,  and  one  for  the  smaller.  This 
type  of  hose  cart  is  superior  to  hose  reels,  and  more  suitable  for 
mine  work. 

In  addition  to  the  above,  chemical  fire  extinguishers 
should  be  distributed  through  the  various  buildings,  as  they 
are  of  value  for  suppressing  a  fire  during  the  early  stages. 

Of  late  years  the  automatic  sprinkler  has  met  with  con- 
siderable support  from  the  fire  insurance  companies.  This: 
device,  if  properly  installed  and  tested  regularly,  is  an  excellent 
safeguard  against  fire.  One  of  the  best  features  of  the  system 
is  tlie  automatic  fire  alarm,  which  calls  attention  to  a  fire  hav- 
ing started. 

The  writer  considers  that  the  alarm  call  is  the  most  im- 
portant detail  in  connection  with  the  fire  service,  for  naturally 
fires  are  easier  to  extinguish  before  they  have  attained  any  mag- 
nitude than  afterwards.  No  matter  how  well  a  brigade  is- 
organised,  or  how  good  the  appliances  are,  much  depends  upon 
the  celerity  of  the  alarm,  on  which  hinges  the  time  of  the- 
arrival  of  the  brigade. 

A  mine  fire  alarm  system  sliouhl  consist  of  alarm  boxes, 
containing  a  bell  push.  These  boxes  should  be  situated  in  close^ 
proximity  to  the  various  buildings.  They  should  be  made  con- 
spicuous in  the  day  by  the  words  '*  Fire  Alarm  '^  being  plainly 
painted  on  the  box,  at  night  their  position  should  be  indicated 
by  a  red  light.  From  each  of  the  boxes  a  separate  wire  should 
communicate  with  a  bell  in  the  engine  or  boiler  room  where  the- 
whistle  or  hooter  is  installed,  and  they  should  also  be  connected 
by  means  of  independent  wires  with  an  annunciator  placed  in 
the  fire  station.  Upon  hearing  the  alarm  bell  ring  the  attend- 
ant will  blow  the  whistle  until  he  receives  a  signal  from  the  fire- 
station  notifying  him  that  the  brigade  is  out.  For  this  pur- 
pose a  bell  push  should  be  fixed  in  the  station  and  connected  tf> 
a  bell  close  to  the  whistle. 

In  the  case  of  mines  which  have  a  private  telephone  aM** 
this  could  be  made  with  a  small  outlay  to  serve  p' 
alarm. 
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ORGANISATION. 

The  organisation  and  training  of  a  mine  fire  brigade  are 
matters  requiring  considerable  thought  and  tact.  It  is^out  of 
the  question  for  mining  companies  to  retain  the  services  of  a 
large  staff  of  permanent  firemen,  therefore  it  is  incumbent  on 
them  to  form  a  volunteer  brigade  among  their  employees,  to 
whom  sufficient  inducement  should  be  offered  to  encourage  them 
to  attain  such  proficiency  in  the  use  of  fire  appliances  that  any 
outbreak  of  fire  on  the  mine  may  be  overcome.  It  is  evidently 
the  duty  of  the  general  manager  of  the  mine  to  initiate  an 
organisation  of  this  kind,  and  maintain  discipline.  He  should 
also  receive  the  hearty  support  of  the  mine  staff,  and  to  make 
the  brigade  of  real  value  their  united  eff'orts  should  be  exerted 
to  infuse  esprit  dc  corps  amongst  the  members. 

The  work  in  connection  with  fire  fighting  should  be  taken 
seriously.  The  members  of  the  brigade  should  be  drilled  regu- 
larly, and  above  all  it  must  be  understood  by  all  employees  that 
they  are  under  as  much  obligation  to  respond  promptly  to  an 
alarm  of  fire  as  they  are  to  attend  to  the  duties  for  which  they 
are  engaged. 

To  accomplish  the  best  results  it  will  be  necessary  to  em- 
ploy at  least  one  permanent  fireman,  who  should  rank  in  the 
brigade  as  an  inspector.  This  man  would  take  the  place  of  the 
watchman  whom  most  companies  employ  at  present. 

On  large  mines,  or  a  group  of  mines,  it  may  be  necessarv  to 
employ  more  than  (me  man  for  this  purpose,  in  which  case  they 
should  rank  as  chief  inspector,  first  assistant,  second  assistant, 
etc.  The  work  of  the  inspector,  in  addition  to  his  duties  as 
watchman,  would  be  to  test  the  fire  alarm  daily  and  inspect  the 
various  appliances  to  see  that  they  are  not  used  bv  unauthorised 
persons;  also  to  report  daily  iii  a  book  on  the  condition  of  the 
fire  service.  This  book  should  be  kept  in  the  office  of  the 
resident  engineer,  who  should  be  made  responsible  for  the  up- 
keep of  the  service. 

The  officials  of  the  brigade  should  consist  of  the  following 
members  of  the  mine  staff:  — 

Chief  of  Brigade :    General  Manager. 
Assistant  Chief :  Hesident  Engineer. 
Lieutenants :    Compound  Manager, 

Chief  Electrician, 
Foreman  Fitter, 
Foreman  Carpenter. 

The  firemen  should  consist  of  men  drawn  from  the 
office  staff*  and  general  surface  employees,  and  the  number  will 
vary  from  fifteen  to  thirty,  according  to  the  size  of  the  mine. 

The  members  of  the  brigade  should  be  provided  with  a  ser- 
viceable plain  blue  uniform  and  black  helmet.  For  the  purpose 
of  distinguishing  the  officers  during  a  fire,  the  colour  of  their 
-jhelmets  should  be  white. 


418  Kei'oiit— 1904. 

In  order  that  the  men  may  become  proficient  in  their  duty 
a  fire  drill  must  take  place  once  a  week,  and  in  addition  the 
alarm  should  be  sounded  occasionally  during  the  night.  The 
men  should  receive  remuneration  for  all  drills  they  attend. 
The  drill  of  a  mine  brigade  will  difter  somewhat  from  that  of 
a  brigade  organised  for  the  purpose  of  suppressing  fires  in  a 
city.  One  reason  for  this  is  that  many  of  the  buildings  on  a 
mine  contain  machinery  which  is  in  constant  oi)eration;  this 
may,  in  case  of  fire,  become  a  source  of  danger  to  those  who 
are  not  conversant  with  it.  In  the  event  of  a  fire  occurring  in 
a  building,  machinery  in  motion  therein  should  be  at  once 
stopped,  and  the  electric  current  cut  off.  Wires  carrying  hijrh 
tension  current  are  especially  dangerous.  A  case  known  to  the 
writer  in  which  a  workman  narrowly  escaped  being  electrocuted 
was  as  follows: — A  fire  broke  out  in  a  transformer 
station  built  of  galvanized  iron,  the  high  tension 
wires  of  wliieh  carried  a  current  of  3,300  volts.  The 
outbreak  was  discovered  by  the  workman,  who  attached  the  fire 
hose  to  the  hydrant  in  order  to  play  water  on  the  fire.  For- 
tunately for  the  man,  the  Kesident  Engineer  arrived  on  the 
scene  just  in  time  to  avert  a  catastrophe. 

The  exact  method  of  organisation  and  nature  of  the  drill 
on  each  mine  will  no  doubt  vary,  depending  somewhat  on  the 
arrangement  of  plant  and  the  status  of  the  various  members 
of  the  staff.  As  a  general  method  of  procedure,  to  be  modified 
to  suit  local  conditions,  the  writer  would  suggest  the  following 
arrangement :  — 

On  hearing  the  alarm  bell  ring  the  engine-driver  on  shift  is 
to  blow  tlie  whistle  until  signalled  from  the  fire  station  to  stop; 
at  the  Slime  time  arrangements  are  to  be  made  to  start  the 
fire  pump.  On  hearing  the  whistle  the  following  members  of 
the  brigade  are  to  assemble  at  the  pump  station  in  order  to 
operate  tlie  pump  : 

Lieutenant  (foreman  fitter). 

Two  firemen  (two  engine-drivers). 

At  the  same  time  a  lieutenant  and  one  fireman  (i.e.,  chief 
electrician  and  a  linesman),  should  proceed  to  the  transformer 
station  or  switch  board  in  order  to  shut  off  the  current  from  the 
burning  building.  Those  assembling  at  the  fire  station  should 
consist  of  Chief  of  lirigade.  Assistant  Chief,  two  lieutenants, 
and  the  remainder  of  the  firemen.  All  orders  must  be  given  by 
the  Chief  of  the  brigade,  and  in  his  absence  by  the  Assistant 
liiief.  Should  the  latter  also  be  absent,  the  foreman  carpenter 
is  no  doubt  the  most  competent  to  take  charge  of  affairs. 

Method  and  coolness  are  required  in  dealing  with  fires, 
and  such  qualities  can  only  be  acquired  through  training  and 
^ood  discipline. 

To  comply  with  the  conditions  advocated  in  this  article, 
extra  expenditure  will  be  incurred  by  mining  companies,  which 
expenditure  must  be  justified  either  by  a  reduction  in  the  insur- 
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auce  rates  or  increased  protection  against  losses  not  covered  by 
the  insurance.  As  an  example,  take  the  case  of  a  mine  with  a 
200-stamp  plant.  The  company  will  pay  insurance  amounting 
to  about  £725  per  annum,  which  protects  them  from  loss  by 
fire,  but  not  from  loss  of  profit  due  to  stoppage  of  the  plant. 
This,  in  the  case  of  a  mill  being  destroyed,  would  amount  to 
considerably  more  than  the  erected  cost  of  this  particular  por- 
tion of  the  plant  which  cannot  be  insured  for  more  than  its 
value. 

The  cost  per  annum  of  maintaining  a  fire  department  based 
on  an  equipment  costing  £2,000  more  than  is  generally  ex- 
pended now  on  fire  services  and  on  a  brigade  consisting  of  five 
officers  and  25  men,  will  amount  to  £570  (this  amount  includes 
interest  and  depreciation  on  the  £2,000). 

It  is  evident  that  as  insurance  companies  are  willing  to  take 
risks  at  rates  varying  from  0.16  per  cent,  to  O.*^  per  cent,  under 
existing  conditions,  these  rates  should  be  reduced  if  an  up-to- 
date  system  of  fire  protection  was  introduced,  and  moreover 
should  a  fire  occur,  the  chances  are  it  would  be  suppressed 
before  mucli  damage  had  resulted,  and  reduce  the  risks  of  loss 
from  stoppage. 

In  addition  to  these  two  advantages,  companies  might  also 
be  justified  in  reducing  the  total  amount  of  insurance,  for  with 
the  improved  service,  some  of  the  buildings,  e.g.,  general  offices, 
quarters,  and  many  structures  in  connection  with  cyanide 
plants,  may  either  be  insured  for  a  lower  figure  or  left  out 
altogether. 

In  conclusion,  the  writer  is  of  opinion  that  although  it 
would  be  necessary  to  pay  more  for  the  purpose  of  maintaining 
a  more  effici4>nt  fire  service,  it  is  an  outlay  that  is  justified,  as 
the  companies  would  be  much  better  protected  against  losses 
not  generally  recoverable  by  insurance. 


33.— THE  rSE  OF  PBODl'CEK  GAS-DRIYEN  ENGINES 

ON  MINING  PLANTS. 

By  a.  C.  Wiiittome. 

Ill  the  following  paper  the  author  does  not  propose  to  con- 
sider the  merits  and  deficiencies  of  any  of  the  many  types  of 
gas-producers  and  gas-engines  on  the  market.  His  purpose  is  to 
discuss  the  broad  principle  as  to  whether  the  gas-engine,  driven 
by  )>r()(lu(cr  gas,  is  suitable  for  extensive  use  on  the  Witwaters- 
rand  gohl  mines. 

In  discussing  the  question,  it  is  therefore  not  essential  ta 
complicate  the  main  point  at  issue  by  the  introduction  of  details 
which  are  moie  or  less  familiar  to  all  of  us,  and  the  historical 
side  will  only  be  lightly  touched  upon,  in  order  to  show  how  far 
the  modern  development  of  the  gas  motor  has  tended  to  make 
it  such  a  formidable  prospective  competitor  of  the  steam-engine 
on  these  fields. 

The  following  table  shows  roughlv  the  progress  of  the  gas- 
engine  from  earliest  times  up  to  the  introduction  of  the  Mond 
producer  :  — 

A.D. 

1.  First  Gunpowder  Engine,  by  Ilaiitefeuille 1678 

2.  First  Gas  Motor,  built  bv  Barber 1791 

;i.  First  Gas  Engine,  by  Street 1794 

4.  Flame  Ignition,  first  proposed  by  Street 1794 

5.  Electric  Igniticm,  first  proposed  by  Lebon 1799 

6.  First  to  propose  compressing  the  charge — Barnett  ...  1838 

7.  First   practical    Gas-Producer,  proposed   by   Thomas 

and  Laurent 1841 

8.  Tube  Ignition,  first  used  by  Drake    1843 

9.  First  median icallv  8U(H'essful  Gas-Eiigine,  built  by 

Lenoir '   1860 

10.  First  Proposer  of  Four-cycle  Engine,  Beau  de  Rochas     1862 

11.  First  commcrciariy  successful  Gas-Engine,  built  by 

Otto  and  Langen 1867 

12.  Olio  Four-cycle  Engine  patented 1876 

13.  Dowson  Producer  first  built 1878 

14.  Scavenger  Process  first  used  by  Beck 1887 

15.  Mond  Pioduccr  introduced 1894 

This  table  docs  not  show  the  wonderful  improvements  made 
by  diit'crent  manufacturers  from  time  to  time.  It  only  indicates 
when  various  devices  or  principles  were  first  adopted,  though, 
in  many  cases,  they  were  dropped,  to  be  again  taken  up  at  a 
later  date. 

Ihyan  Donkin,  in  his  ex( client  work  on  ''Gas,  Oil,  and  Air 
Engines"  (to  which  the  author  is  indebted  for  many  details), 
claims  that  the  origin  of  all  internal  combustion  engines  should 
be  traced  back  to  the  builder  of  the  first  cannon.  Unquestion- 
ably iji  the  first  internal  combustion  motors  constructed — apart 
from  cannon  —the  combustion  or  explosion  of  gunpowder  was 
utilised  to  create  a  vacuum,  so  that  by  means  of  atmospheric 
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pressure  a  piatun  was  forced  (JfJiriiwnnta  in  a  cylinder,  or  water 
was  raised  in  an  early  ty[>e  of  piiisonieter. 

It  13  equally  certain  iLat  none  of  theae  early  attempts  at 
internal  combustion  engines— between  tlie  years  1678  and  1710 
— were  cotnmerciallv  successfui.  It  is  worthy  nf  nolice,  how- 
ever, that  amongst  tlie  first  attempts  to  construct  motors  having 
<tylinders  and  pistons  were  these  gunpowder  engines. 

It  will  be  seen  that  no  man  can  claim  to  have  originated 
the  Gas-Engine.  After  the  first  crude  attorapta  in  the  end  of 
the  seventeenth  century,  about  100  years  elH,psed  before  any 
progress  was  made,  when  IJarber  in  1791  constructed  the  Hrat 
Gas-Motor,  a  typo  of  gas-Uirbiuc.  From  this  period  onwards, 
fxperimenls  have  been  almost  continuously  recordp<l.  The 
first  mechanically  successful  gas-engine  was  built  to  Lenoir's 
designs  iu  1S60,  but  the  consumption  of  gas  was  as  high  as  106 
cubic  feet  per  brake-horse-power  liour,  givinic  a  thermal 
efficiency  of  from  3.5  to  4  per  cent. 

The  real  commercial  liistory  of  the  gas-engine  dates  from 
1S67,  wlicn  the  Otto  and  Langeu  Atmospheric  Gas-Engine  was 
first  put  on  (ho  market.  This  type,  though  successful,  had  not 
a  vei-y  long  life,  and  iu  the  year  1876  Otto  took  out  his  patent 
for  the  Otto  Four-cycle  Engine,  and  for  the  next  fourteen  years 
(the  duration  of  the  patent)  this  engine  was  practically  the 
only  one  in  use. 

There  were  others  built,  but  none  of  Ihcm  were  very  serious 
competitors.  From  the  year  1877  to  1897,  no  less  than  6-5,000 
Otto  Engines  were  built  in  the  various  manufacturing  coun- 
tries of  the  world.  There  are  no  figures  upon  record  to  show 
what  were  the  total  numbers  of  engines  of  other  types  built, 
but  the  above  should  be  sufficient  to  show  the  enormous  deve- 
lopment of  (he  gas-engine. 

About  the  time  (bat  the  Otto  Four-cycle  Engine  was 
<leaigned,  the  Dowson  Gas-Produccr  was  also  put  on  the  market, 
and  the  ailvnncc  of  producer  and  gas-engine  may  almost  be 
said  to  have  been  step  by  step.  The  Dowson  Producer  made  it 
feasible  to  use  gas-enginea  of  larger  units  than  were  possible 
when  using  lighting  gas,  owing  to  the  much  higher  cost  of  the 
latter  fuel  per  horse-power  hour.  The  Dowson  type  of  generator 
can  only  utilise  either  coke  or  anthi-acfte  coal  as  fuel,  so  that 
its  use  ia  restricted  to  those  localities  in  which  these  are  pro- 
curable at  a  sufficiently  low  rale. 

In  189:i  Dr.  Mnnd  suceesafully  started  the  first  producer 
plant  which  bears  his  name.  The  Mond  Producer,  using  bitu- 
minous slack  as  fuel,  opened  up  a  fresh  sphere  for  gas-engines. 
Apart  from  the  fact  that  it  uses  bituminous  eoal^practically 
the  only  fuel  obtainable  here — if  is  far  moi-e  efficient  than  the 
Dowson  type  of  producer. 

The  best  recorded  heat  efficiencv  of  the  latter  type  is  07 
per  cent.,  whilst  efficiencies  of  over  8(1  per  cent,  are  regularly 
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obtained  with  Mond  generators,  i.e.,  80  per  cent,  of  tlie  lieat 
value  of  the  fuel  used  is  retained  in  the  gas  produced.  Com- 
mon bituminous  slack  will  produce  from  150,000  to  160,000 
cubic  feet  of  gas  per  ton  of  fuel,  whilst  about  2i  tons  of  steaui 
per  ton  of  coal  are  needed  in  the  process. 

Types  of  gas  producers  somewhat  on  the  same  principle  as 
the  Mond  are  continuously  being  patented  and  developed.  We 
may  reckon  that  there  will  soon  be  as  many  designs  offered  for 
sale  as  there  are  types  or  designs  of  steam-boilers  at  the 
present  time.  This  will  all  tend  towards  advancement,  as,  with 
so  many  exi>erimenters  at  work,  knowledge  will  be  rapidly 
gained. 

In  considering  gas-engines,  one  must  lift  one's  self  out  of 
the  grooves  so  deeply  scored  in  engineering  work  by  every-day 
steam-engine  practice.  Indeed,  to  grasp  to  the  full  extent  the 
new  conditions  raised  by  gas-engines,  it  is  necessary  to  put  on 
one  side  nearly  all  that  one  has  learnt  regarding  steam-engines^ 
and  make  a  fresh  start. 

The  ordinary  practice  in  steam  engineering  is  to  allow  an 
ample  margin  of  power  above  what  is  needed,  when  an  engine  is 
first  installed.  The  author  knows  of  one  case  where  a  steam- 
engine  is  installed  to  do  the  following  work:  — 

Minimum  load 350  I.H.P. 

Normal  load 500  I.H.P. 

Maximum  load 700  I.H.P. 

The  engine  is  installed  for  an  eventual  700  I.H.P.     Its 

present  load  varies  from  a  maximum  of  about  500  I.L.P.  to  a 

minimum  of  -^oO  I.U.P.    The  steam  consumption  at  the  various 

loads  cannot  be  accurately  given,  but  an  ordinary-  guarantee  for 

such  an  engine,  running  under  ordinary  Rand  conditions,  would 

be  :  — 

Lbs.  of  Steam 
LOAD.  \m-  LH.P.  Hour. 

;{50  I.H.P.  (half  load) 20 

500  I.H.P.  (five-sevenths  load)    17.5 

700  I.H.P.  (maximum  load) 16 

or  an  increase  of  25  per  cent,  between  full  load  and  half  load. 

On  a  gas-engine  there  would  most  probably  be  an  increase 
of  70  to  100  per  cent,  in  the  fuel  consumption  at  half-load  over 
full-load.  To  obtain  the  best  working  conditions  for  a  gas- 
engine,  it  must  be  run  steadily  at  as  near  the  maximum  load  as 
possibles  and  at  one  constant  speed.  It  cannot  be  reversed  in 
the  ready  manner  possible  with  a  steam  engine,  and  it  is  com- 
paratively less  easy  to  start  up.  Finally,  it  cannot  be  started 
against  full-load  in  the  manner  necessary  with  a  hoisting 
engine.  Therefore  the  work  to  which  gas-engines  can  be 
directly  applied  is  in  some  respects  restricted. 

Taking  the  ordinary  work  of  the  Rand,  the  following 
schedule  will  show  the  types  of  work  to  which  gas-engines  can 
he  applied,  and  those  for  which  they  are  not  suited  :  — 
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drives  suited  for  gas-engines. 

Batteries 
Tailings  Wheels 
Pumps 
Locomotives 
Mechanical  Haulages 
Machine  Tools 
Electric  Generators 
Slimes  Plants. 

DRIVES  PARTIALLY  SUITED  FOR  GAS-ENGINES. 

Air  Compressors 
Rock  Crushers. 

DRIVE   NOT   SUITED   FOR   GAS-ENGINES. 

Hauling  Engines. 

Under  favourable  conditions  the  working  cost  of  a  gas- 
driven  plant  would  be  far  lower  than  that  of  a  steam-driven 
one.  To  start  with,  the  gas  engine  has  a  heat  efficiency  for 
higher  than  that  of  a  steam-engine,  and  the  heat  is  cheaper, 
i.e.,  lower  priced  fuel  can  be  used.  Instead  of  centralising  all 
the  engines  in  one  engine-house,  and  transmitting  power  elec- 
trically to  distant  spots,  gas-engines  can  be  installed  where  best 
suited  for  their  work,  and  the  gas  distributed  to  them  from  one 
central  proilucer  plant.  In  this  manner,  instead  of  requiring 
several  large  units  as  working  engines  and  spares,  a  number  of 
smaller  ones  can  be  installed,  with  a  result ingly  smaller  total 
horse-power  installation. 

That  the  combined  efficiency  of  a  gas-engine  installation  on 
a  mining  proposition  would  be  much  greater  than  with  a  steam- 
driven  installation  can  be  seen  from  the  following:  — 

Per  cent. 

1.  Heat  efficiency  of  gas-engines  and  producers,  say, 

averacre  of 18 

2.  Losses  in  Gas  Mains,  say 3 

3.  Heat  efficiency  of  steam-engines  and   boilers,   say, 

average  of  not  more  than 10 

4.  Mechanical  efficiency  of  generators,  say 95 

5.  Efficiency  of  cables  and  lines,  say 98 

6.  Efficiency  of  transformers,  say 95 

7.  Mechanical  efficiency  of  motors,  say 92 

8.  Efficiency  of  shafting,  say 85 

Efficiency  in  each  case  means  the  percentage  of  the  power 
put  into  the  plant,  which  is  delivered  to  the  belt,  coupling,  or 
terminals,  so  that  when  gas-engines  are  placed  fairly  close  to 
the  generator  plant,  the  total  heat  efficiency  would  be  not  less 
than  18  per  cent,  at  normal  working  load,  whilst  there  would  be 
losses  due  to  pipe  friction,  etc.,  amounting  to  an  average  of  3 
per  cent,  on  engines  placed  long  distajxces  from  the  producers. 
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and  the  coal  consumption  per  hour  would  be :  — 

Lbs.  per  Hour. 
Direct  Drives,  570  B.H.P.  at  3.353  lbs.  ...     1,911 
Electric  Drives,  330  B.H.P.  at  3.500  lbs.  ...     1,155 


Total 3,066 


So  that,  during  those  hours  when  the  whole  of  the  plant 
was  simultaneously  in  operation,  there  would  be  a  saving  by  the 
gas  plant  of  nearly  1,600  lbs.  of  coal  per  hour,  or,  averaging  this 
through  the  24  hours  at  a  saving  of  1,000  lbs.  of  coal  pernour^ 
the  total  saving  per  day  would  be,  say,  12  tons  of  coal,  or  in  the, 
say,  320  working  days  of  the  year,  3,840  tons.  In  other  words, 
the  saving  per  ton  crushed  would  be  about  50  lbs.  of  coal,  or,  if 
coal  be  taken  as  costing  10s.  per  ton,  there  would  be  a  saving  of 
3d.  per  ton  crushed,  if  the  gas  plant  used  tlie  same  quality  coal 
as  the  steam  plant.  It  would,  however,  use  coal  at  least  28.  per 
ton  cheaper,  so  that  there  would  be  a  further  saving  of  about 
£2,000  per  annum,  or  a  further  3d.  per  ton  crushed. 

If  it  was  decided  to  instal  a  gas  plant  on  a  mine  the  first 
demand  would  be  that  all  plant  must  be  driven  from  it.  It  is 
impossible  to  couple  gas-engines  on  to  hoists,  so  one  of  two 
alternatives  would  have  to  be  selected — eitlier  the  hoists  must 
be  electrically  driven,  or  driven  by  compressed  air.  The  latter 
system  may  seem  absurd  at  first  sight,  but  it  has  one  great 
advantage — a  large  reserve  of  power  can  be  stored  in  cheap 
receivers,  and  the  air  being  compressed  in  the  same  engine-room 
as  the  hoist,  would  be  delivered  hot  to  the  pipe  line,  and  would 
need  very  little  re-heating  to  make  it  fit  for  working  expansively 
in  the  engine  cylinders. 

It  would  take  too  much  time  to  compare  the  relative  advan- 
tages of  the  two  systems,  but  even  if  electric  hoists  were  in- 
stalled, the  current  could  be  delivered  to  the  hoists  at  a  saving 
of  1.5  lbs.  of  coal  per  B.H.P.  hour  if  gas-engines  were  installed 
instead  of  steam-engines  to  run  the  generators,  provided  the 
load  was  kept  fairly  constant.  This  latter  condition  is  imnos- 
sible.  and  it  could  onlv  be  expected  that  the  cost  of  the  current 
would  1)0  approximately  the  same  in  either  case. 

The  exhaust  gases  from  the  engines  workinc:  below  the  sur- 
faro  would  need  to  be  led  to  the  ground  level  in  light  wooden 
shoots,  hoiiia:  first  copied.  Xaturally  small  fans  or  blowers 
would  he  needed  to  give  the  required  velocity,  as  the  cooled 
gases  would  not  otherwise  travel  up  the  shoots  without  back 
pressure  beincr  thrown  on  to  the  engines. 

The  maintenance  and  attendance  costs  for  the  engines 
would  be  very  low.  Once  a  pras  engine  is  set  running  the  only 
attention  required  is  for  lubrication,  and,  say,  once  a  week,  a 
little  attention  to  the  valves  to  remove  any  carbonued'depofit. 
Practically  no  more  care  is  needed  than  with 
and  certainly  no  more  skilled  attendance.    / 
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started  up,  and  if  its  lubricators  are  all  filled,  it  will  need  no 
attention  for  hours  at  a  time.  In  these  days  of  self-starters, 
there  is  no  difficulty  in  starting  up  any  size  of  gas-engine.  The 
whole  of  the  power-house  and  the  greater  portion  of  the  boiler- 
house  attendants  would  be  dispensed  with  if  steam  were  re- 
placed by  gas.  The  few  attendants  required  for  the  producer 
plant  would  bo  recruited  from  the  boiler-house  staff. 

The  only  remaining  question  is  the  capital  outlay  reguii-ed 
for  the  two  systems.  In  this  connection  we  have  most  valuable 
and  up-to-date  information  given  us  in  the  case  of  the  Johan- 
nesburg Town  Council  plant.  Alternative  tenders  were  asked 
for  both  steam  and  gas-driven  plants  of  the  same  size  units, 
erected  complete  with  all  accessories. 

There  was  practically  no  difference  in  the  cost  of  the  two 
systems,  and  when  it  is  remembered  what  a  large  proportion  of 
an  ordinary  mining  plant  forms  spares  for  the  balance  (at  least 
25  per  cent.,  omitting  hoists),  nearly  all  of  which  would  be 
saved  with  a  gas-driven  plant,  the  balance  for  a  mine  would 
certainly  be  in  favour  of  the  gas  sets. 

As  there  would  be  about  three  to  five  different  sizes  of 
engines  installed  on  one  mine,  it  would  only  be  essential  to  hold 
a  reserve  engine  of  each  size,  and  spare  parts.  In  case  of  a 
serious  accident,  the  reserve  engine  could  be  installed,  and  in 
minor  accidents  spare  parts  could  be  put  in.  The  most  serious 
breakdown  could  be  remedied  with  a  mimimum  of  delay  and 
cost. 

If  one  central  producer  plant  served  two  or  three  adjoining 
mines,  the  capital  outlay  would  again  be  reduced. 

There  is  a  final  contingent  advantage  with  a  gas  plant.  All 
coal  consumption  on  the  mine  would  be  localised  at  one  centre. 
Gas  would  be  delivered  wherever  required — for  smiths'  forges,, 
smelting  and  assay  offices,  domestic  cooking  and  heating,  etc.,. 
and  there  would  be  a  further  large  saving  in  this  direction. 

The  author  hopes  that  his  remarks  will  induce  those 
having  the  eciuipment  of  mines  in  hand  to  give  more  than  a 
passing  thought  to  gas  plants,  and  if  one  or  two  seriously  con- 
sider the  matter,  he  will  feel  that  his  efforts  have  been  amply 
rewarded. 


34.— THE   BACTERIAL    PUllIFICATION    OF    SEWAGE. 

By  Ernest  S.  Phextice,  A.M.I.C.E. 
(Plates  XXXII.  and  XXXIII.) 

There  is  an  impression  that  works  for  the  purification  of 
sewage  must  necessarily  be  offensive  to  residents  at  hand,  and 
that  such  works  are  a  burden  to  the  community  for  whose  con- 
venience they  exist.  I  trust,  therefore,  the  following  account 
will  help  to  remove  this  idea,  and  will  convey  some  notion  of  the 
immense  advances  made  in  this  subject  of  sewage  disposal  dur- 
ing the  last  15  years.  This  account,  I  may  say,  is  grounded 
largely  on  experiences  gained  as  pupil  and  assistant  of  the  late 
Sir  Joseph  Bazalgette,  of  London  main  drainage  repute,  and  on 
other  works  of  sewage  with  which  I  have  been  connected. 

Until  about  the  year  1890,  town  authorities,  or  other  parties 
who  desired  or  were  compelled  to  purify  their  sewage,  befoi*e 
discharging  it  into  the  nearest  water-course,  were  for  the  most 
part  brought  face  to  face  with  great  expenses,  and  often  more 
or  less  insuperable  difficulties.  It  may  be  said  that  until  about 
this  period  the  only  process  from  which  real  purification  might 
be  expected  consisted  in  passing  the  sewage  on  its  arrival  at 
the  place  of  purification  through  a  settling  tank,  in  which  tank 
were  caught  and  deposited  all  the  grosser  matter  in  the  form 
of  sludge.  More  or  less  costly  chemicals  were  often  used  for 
this  part  of  the  process,  to  expedite  precipitation  or  render  it 
more  complete.  The  object  of  the  removal  of  the  grosser  matter 
was  to  prevent  the  surface  of  the  land  on  to  which  the  sewage 
was  afterwards  passed  from  becoming  clogged  with  solid  filth, 
and  so  stopping  filtration  and  giving  rise  to  a  nuisance.  The 
sewage,  after  passing  through  and  leaving  the  depositing  tank, 
was  run  on  to  a  large  area  of  land,  kno\m  as  a  sewage  farm,  and 
usually  divided  into  plots.  The  flow  of  sewage  over  this  land 
was  continually  watched  day  and  night  by  a  staff  of  men,  and 
when  one  section  was  considered  by  them  to  have  receivetl 
enough,  they  diverted  it  to  the  plot  next  in  rotation.  The 
sewage  was  uniformly  distributed  over  each  section  of  ground 
by  numerous  trenches  cut  on  the  surface,  from  which  it  over- 
flowed on  to  the  adjacent  soil.  It  then  soaked  away  through 
the  soil  into  drains  laid  at  a  lower  level.  Through  these  drains 
it  passed  in  a  more  or  less  clear  and  inoffensive  condition  to  the 
nearest  watercourse.  Between  each  flooding  of  sewage  over  the 
ground,  intervals  of  rest  were  allowed  for  the  sewage  to  drain 
oomnletely  away  out  of  the  soil,  and  for  air  to  be  drawn  down 
into  its  pores  for  its  thoroucrh  aeration.  This  aeration  of  ihe 
soil  was  indispensable  to  the  conversion  of  the  putrefactive 
nitrogenous  matter  in  the  sewage  into  non -putrefactive  nitrites 
and  nitrates.  In  other  words,  aeration  was  essential  to  purifica- 
tion. 

These  nitrates  are  the  precise  form  of  food  required  for  the 
sustenance  of  plant  life.     Wi^*^  ^ne  aapply  of  such 

food  to  the  soil,  it  was^  n*  KHW  to  cultivate 
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llioreon  crops,  bucIi  ns  wheut,  beetroot,  cabbages,  etc.  The  sale. 
liowevei-,  ni  these  crops  did  little  more  than  somewhat  reduce 
the  cost  of  working  exptfuses. 

With  i-egiird  to  the  installntion  and  mnintenance  of  such 
Bpwngo  piirificatiou  works,  the  chief  troubles  were,  firstly,  the 
(lilficultj-,  mort3  especially  in  closely  populated  countries,  of  find- 
ing a  large  enougli  area  of  ground  conveniently  situated  at  a 
moderate  price,  and  with  soil  of  a  porosity,  suited  for  filtration 
purposes.  For  example,  ii  town  of  10,000  inhabitants  might 
n-iiuire  u  piece  of  land  measuring  a  quarter  of  a  mile  by 
ii  ijuarter  of  a  mile  in  area,  and  because  of  the  not  un- 
reasonable opposition  of  residents  and  landowners  at  hand,  the 
ffruuud  desired  was  often  very  difficult,  to  secure. 

After  tlie  land  bad  been  ubained,  much  labour  had  to  be 
•Spent  on  its  surface  and  in  laying  sub-drains  before  it  was  ready 
to  receive  the  sewage.  Moreover,  much  work  had  to  be  done  on 
it  annually  afterwards,  by  ploughing  and  otherwise,  to  main- 
tain the  surface  in  proper  order.  After  the  working  of  the 
sewage  farm  had  crunnieiiced,  one  of  the  main  troubles  was  bow 
to  dispose  of  the  slurlge  continually  accumulating  in  large  quan- 
tities in  the  depol^iting  tank.  In  London,  for  e:iamp1e,  sludge 
is  taken  by  a  fleet  of  six  large  steamers  to  sea,  and  there  de- 
posited. In  inland  and  other  towns  it  has  been  pressed  by 
somewhat  elaborate  machinery  into  cakes,  but  this  process  is  an 
offensive  one,  moreover  the  caKes  are  usually  a  source  of  trouble 
and  expense  to  dispose  of.  Another  serious  difficulty  occurs 
during  continuous  rains,  when  the  ground  through  which  the 
«ewago  has  to  percolate  becomes  water-logged,  aud  the  aeration 
of  the  soil  essential  to  the  success  of  purification  is  for  the  time 
stayed.  At  such  times  the  sewage  must  perforce  pass  through 
the  ground  into  the  sub-drains  and  then  into  the  river,  with 
little  or  no  purification  taking  place.  Lastly,  although  the 
sewage  farm  may  have  been  endowed  with  all  the  conditions  for 
securing  effective  purification  of  the  sewage,  lack  of  judgment 
or  carelesBiieas  in  the  supervision  would  often  result  in  an  evil- 
smelling  works  and  the  turning  of  an  offensive  effluent  into  the 
river. 

Moreover,  as  towns  increased  in  size  and  river  conservan- 
cies became  more  insistent  on  the  purity  of  discharges  into 
streams,  a  snlulinn  of  this  sewage  problem  was  more  and  more 
eagerly  sought  for.  Many  investigations  were  made  with  this 
end  in  view.  Although  it  was  well  understood  some  time  before 
the  year  1877  that  purification  of  sewage  by  percolation  through 
natural  soil  was  duo  to  the  combination  of  oxygon  from  air 
eaught  in  the  soil  witli  the  organic  matters  in  the  sewage  to 
form  nitrates,  it  only  became  known  about  this  time  that  this 
combination  was  entirely  brouirht  about  by  what  are  known  as 
aerobic  bacteria,  which  naturally  reside  everywhere  in  the  soil. 
It  was  found  that  if  thev  were  absent  the  combination  and  con- 
sequent purification  could  not  take  place.     Aerobic  bacteria  bit. 
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of  course,  bacteria  to  which  a  continuous  supply  of  air  is  essen- 
tial to  their  life  processes.     It  having  become  established  beyond 
question  tliat  real  purification  could  only  be  effected  by  bring:- 
ing  sewage  in  contact  with  aerobic  bacteria,  experiments  were 
ilirected  to  finding  out  a  more  rapid  method  of  doing  this  than 
that  througli  the  natural  soil.       It  may  be  said  that  the  first 
practical  outcome  of    the    investigations    for    purifying    town 
sewage  on  a  large  scale  was  the  introduction  by  Mr.  Dibdin, 
about  the  year  1890,  of  his  artificial  bacteria  beds  at  Sutton,  in 
England.       Mr.  Dibdin  was  then  the  chemist  of  the  London 
County  Council.     The  invention,  if  it  may  be  so  called,  con- 
sisted of  a  series  of  five  shallow  reservoirs  from  8  to  4  feet  deep 
and  about  *50  by  50  feet  each  in  area,  made  with  concrete  bot- 
toms and  side  walls,  very  much  as  shown  in  that  part  of  PI. 
XXXII.  marked  "  Bacteria  Beds."  These  reservoirs  were  filled  to 
the  top,  preferably  with  small  pieces  of  coke  or  clinkers  for  the 
bacteria  to  cling  to  and  reside  in  when  the  bed  was  in  working 
order.     The  process  was  as  follows  :  — The  sewage  on  its  arrival 
at  the  works  was  first  passed  through  a  strainer  to  remove  the 
grosser  matters,  liable  to  choke  the  beds.     It  was  then  conveyed 
by  a  distributing  channel  (much  as  shown  on  PI.  XXXII.)  to 
the  coke  beds  one  at  a  time  in  rotation.     As  each  bed  was  filled, 
the  sewage  was  allowed  to  remain  in  contact  with  the  bacteria 
on  the  coke  for  about  two  hours.     A  valve  in  ihe  bottom  of  the 
bed  was  then  opened,  through  which  the  sewage  escaped  in  a 
partially  purified  state  into  one  of  a  set  of  secondary-  filter  beds 
(not  shown  on  PI.   XXXII.),  in  which   it  underwent  further 
purification  by  precisely  similar  treatment  to  that  in  the  first 
bed.     Fnmi  the  latter  bed  it  flowed  off  in  a  clear  and  inoffensive 
condition  to  the  adjacent  watercourse.     It  should  be  further  ex- 
plained that  as  the  sewage  escapes  from  the  filter  beds,  such  as 
these,  air  is  drawn  down  into  the  interstices  of  the  coke,  from 
which  the  bacteria  on  the  coke  abstract  the  oxygen  as  in  a  sew- 
age farm.     The  bed  is  Ihen  allowed  to  stand,  aerating  for  three 
or  four  hours,  until  its  time    comes   again    to   be    flooded    with 
sewage.     When  the  beds  are  next  charged  with  sewage  the  bac- 
teria pass  the  putrefactive  organic  matter  in  the  sewage  through 
their  bodies,  with  the  result  that  the  oxygen  that  they  have  ab- 
sorbed enters  into  combination  with  this  matter  to  form  non- 
putrefactive  nitrates.        These  can   either  be  passed   with   the 
liquid  filtrate,  direct  to  the  nearest  watercourse,  or  used  for  the 
irrigation  of  land  on  which  crops  are  grown. 

What  makes  these  artificial  bacteria  beds  a  far  more  eco- 
nomical and  rapid  means  for  purifying  sewage  than  a  sewage 
farm  can  be,  is  the  fact  that  these  beds  can,  if  the  available  fall 
allow,  be  of  any  depth  or  thickness.  The  bacteria  will  estab- 
lish and  maintain  themselves  in  these  beds  in  the  highest  state 
of  activity  as  readily  and  thickly  in  the  lowest  layers  as  at  the 
top,  whereas  in  the  sewage  farm  they  cannot  usually  live  at  a 
greater  depth  than  18  inches  from  the  surface.    This  is  owii 
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t(j  tbe  largeness  of  the  interstices  betH-eeii  the  particles  of  coke, 
permitting  the  ready  acocss  of  air  throughout  every  part  of  the 
fxttl.  Moreover,  owiug  to  the  quickiiesa  with  which  the  bed  can 
I)e  cleai-ed  of  sewage  after  purification,  and  the  rapidity  with 
which  air  takes  its  place,  aeration  instead  of  being  a  matter  of 
<laj'8,  as  in  the  sewage  farm,  is  only  a  question  of  three  or  four 
hours.  Thus  large  volumes  of  sewage  can  be  purified  on  n  far 
less  area  of  land  by  the  artificial  method  than  by  the  old  sewage 
farm.  It  has  been  already  mentioned,  for  example,  that  a  town 
of  10,000  inhabitants  might  require  a  sewage  farm  a  quarter  of 
«  mile  by  a  ijuarter  of  a  mile  in  area,  or  about  50  acits.  It  is  pos- 
sible to  do  the  same  work  by  the  artificial  procpas  on  one  acre. 
FurMier.  the  <lislribution  of  sewage  to  the  several  beds  and  sub- 
sequent discharge  from  same,  instead  of  i-equiring  the  attend- 
ance of  a  trained  statf  of  men,  day  and  night,  is  entirely  effected 
by  automatic  appliances  (not  shown  on  plate).  Thus  the 
proper  period  of  contact  of  sewage  with  bacteria  and  also  of 
aeration  is  invariably  secured.  Further,  the  labour  of  niain- 
tenancp  praetirally  disappears,  and  negligence  and  misrannago- 
ment,  no  uncommon  oecurrenee  in  the  sewage  farm,  become 
next  to  impossible.  The  constant  feed  of  organic  matters  to 
the  beds  does  not,  as  might  be  imagined,  choke  them  up,  for 
they  maintain  their  capacity  for  sewage  and  work  for  years. 

Although  the  Dibdin  treatment  in  aerobic  beds  most 
effectually  purified  the  organic  matter  in  solution  or  finely 
divided  solid  matter  in  suspension,  his  process  did  not  provide 
a  means  for  the  purification  of  the  grosser  organic  matter.  This 
Mr.  Dibdin  continued  to  remove  from  the  sewage  by  the  old 
method  of  screening.  Here  it  may  be  said  that  Mr.  Tameron, 
at  that  time  city  engineer  of  Exeter,  stepped  in  and  introduced 
the  treatment  now  practised  as  preliminary  to  that  in  the  Dib- 
<lin  beds.  This  process  is  the  well-knowii  Septic  Tank  Ti-eat- 
ment,  and  is  shown  on  the  left-band  half  of  PI.  XXXII.  It 
may  be  said  to  he  the  first  practical  arrangement,  on  a  large 
scale,  for  the  purification  of  the  grosser  matter  brought  down  by 
sewage.  With  the  advent  of  this  improvement  the  question  of 
the  complete  artificial  purification  of  sewage  on  a  large  scale 
may  be  said  to  have  been  completely  solved,  without  any  doubt 
wbalover. 

A  septic  or  liquefying  tank  is  usually  a  plain  tank,  with 
straight,  vertical  sides,  in  concrete,  with  a  bottom  of  the  same 
material,  and  may  be  either  open  or  covered  over.  It  is  usually 
«f  B  capacity  to  contain  one  day's  dry  weather  flow  of  sewagt*, 
which  is  in  continuous  process  of  flowing  in  and  out,  by  sub- 
merged inlets  and  outlets  at  opposite  ends.  Here  the  solids  of 
all  sorts  are  trapped  and  detained,  until  they  have  been  brought 
tOB  liquid  condition  by  an-aerohic  bacteria  resident  in  the  tank, 
itnd  in  this  liquid  condition  the  former  solids  pass  on  to  the  coke 
"beds.  Aii-ner<d>ic  bacteria  are,  of  course,  bacteria  which  per- 
'ife  processes  in  the  absence  of  air.  and  these,  like 
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water-tight  masonry  side  walls  is  not  incurred.  Bacteria  beds, 
on  the  percolating  system,  are  about  to  be  installed  for  dealing 
with  the  sewage  of  Bloemfontein,  and  it  is  the  system  practised 
with  success  in  England,  for  the  cities  of  Salisbury  and  Chester 
and  other  places. 

Comparisons  between  the  pail  system  for  collecting  foul 
matter  and  water  as  now  practised  in  this  Colony  and  the 
water-borne  and  bacterial  purification  show  that  for  every  £3 
now  spent  on  rates  by  householders  for  the  pail  system,  £1  would 
be  saved  by  substituting  the  modern  water  method.  Apart  from 
the  saving  in  expense,  the  benefit  to  health  would  be  most 
incalculable. 


EXPLANATION  OF   TLATES    XXXII.    AND   XXXIII. 

Plate  XXXII. — View  of  bacterial  tanks  for  tlie  purification  of  sewage. 

Plate  XXX II I.— Section  through  aerotic  bacteria  beds  on  the  i)ercoIating  system. 


.35— THE   SEPTIC    TANK   TBEATMENT   OF   SEWAGE. 

By  J.  C.  S.  Beyxox,  A.M.I.C.E. 

Of  recent  years  one  of  the  most  puzzling  problems  of  the 
{Vge  has  been  the  pnrifi ration  of  sewage,  for  the  methods  adopted 
were  totally  at  variance  with  the  laws  of  Nature,  consequently 
serious  and  costly  failures  were  the  result;  but  with  the  bac- 
teria method  a  far  happier  and  better  light  is  thrown  upon  the 
subject,  and  I  fully  believe  that  the  difficulties  are  now  at  an 
end.  It  is  wiih  great  pleasure  that  I  have  the  opportunity 
given  me  to  explain  to  you  the  **  Septic  Tank  System,"  whica 
is  the  mosi  successful  method  of  bacteriological  treatment. 

**What  is  sewage y"  It  may  be  defined  as  "the  liquid 
contents  of  a  sewer.'^  It  consists  of  all  foul  water  from  town, 
or  house,  as  the  case  may  be,  such  as  slop  water,  excreta,  drain- 
ings  of  stables,  and  further,  of  dirty  water  from  laundries, 
slaughter  houses,  waste  water  from  dairies,  and  the  washings 
from  streets  and  back  yards. 

This  sewage,  carried  in  a  pipe  or  drain  to  a  common  out- 
fall, used  to  be  discharged  into  the  nearest  rivulet  or  stream,  or, 
if  a  seaside  town,  on  to  the  foreshore,  where  the  tide  was  ex- 
pected to  wash  it  away;  but  after  a  time,  as  the  villages  or 
towns  grew,  the  streams  could  not  bear  the  strain,  and  soon  be- 
came polluted,  so  that  they  themselves  were  nothing  better  than 
open  sewers.  In  the  same  way  with  the  foreshores;  but  per- 
haps this  was  even  worse,  as  sea  water  delays  the  oxidation  of 
organic  matter,  causing  the  solids  to  accumulate  on  the  beach, 
and  a  horrible  stench  is  emanated  therefrom.  When  this  state 
of  things  could  no  longer  be  tolerated,  irrigation  became  the 
fashion,  and  the  cry  was,  "  Keturn  to  the  land  what  you  have 
taken  from  it,^^  so  the  sewage  was  discharged  on  to  the  land  in 
its  crude  state,  but  the  ground  soon  became  saturated,  and  the 
effluvia  in  the  neighbourhood  of  these  farms  was  what  might 
have  been  cxp(*cted. 

Then  the  grosser  solids  were  arrested  by  screening,  but  a 
large  amount  yet  remained  in  suspension,  and  the  ground  bad 
to  be  constantly  hoed,  as  the  pores  of  the  soil  soon  became 
clogged  with  an  impermeable  coating,  which  solidified  on  the 
surface,  kce])ing  out  the  air,  which  was  absolutelj'  necessary 
for  vegetation. 

But  til  is  difficulty  was  seemingly  got  over  by  recourse  to 
chemical  precipitation,  in  which  lime,  alum,  or  a  salt  of  iron 
were  mixed  with  the  sewage,  the  suspended  matter  being  pre- 
cipitated in  the  form  of  sludge,  and  this  sludge  was  expected  to 
be  sold  at  enormous  profits.  There  were  also  several  other 
methods  for  the  formation  of  this  sludge,  but,  alas!  it  was  soon 
found  that  there  was  no  market  for  it,  and  instead  of  being  of 
any  value  it  socm  became  a  nuisance  and  a  difficulty  to  get  rid 
of,  and  now  cities  like  London,  Manchester,  and  Glasgow  ship 
this  sludge  out  to  sea,  and  dump  it  there  at  the  cost  of  thou- 
sands a  year. 
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In  tho  case  nf  the  spiiside  towns  ilie  sewpr  wiis  ranioil  oat 
sometimes  several  miles  to  a  piomiiient  point,  ami  (Jischiii-ire<l 
into  a  tideway,  in  the  hope  that  it  niipht  be  borne  away,  but 
often  it  was  carried  back  agiiin,  and  criule  sewage  could  bn  seen 
tioatin^  about. 

No  one,  I  think,  can  day  that  any  of  these  methoils  has 
Ixseji  satisfactory,  and  in  the  case  of  thf  ehcniieal  methods  of 
purification  it  is  now  proved  that  they  were  fniwHy  wronj?,  inas- 
much as  they  arrest  decomposition,  and  kill  the  very  means 
that  nature  provided  for  dealing  with  such  matter:  the  result  is 
an  accumulation  of  solids,  and  when  the  effluent  is  allowed  lo 
discharge  into  a  river,  with  all  appearances  of  being  clear  and 
pure,  under  the  altered  chemical  conditions  it  Incomes  foul  and 
puti'cscent  in  a  short  time,  putrefaction  having  commenced 
lifter  being  stayed  for  the  period  of  treatment,  and  a  costly 
failure  has  to  be  recorded. 

The  remaining  system  is  known  as  Ihe  bacterial  action,  or 
natural  means,  and  the  septic  tank  tivalment  is  worked  on  this 
principle,  with  tho  conditions  made  as  nearly  ideal  as  possible. 

In  1895,  Mr.  Donald  Cameron,  who  was  then  city  surveyor 
fjf  Exeter,  had  been  busy  experimenting,  and  the  i-esult  was 
the  septic  tank  system  of  drainage,  in  which  the  solid  matter  ni 
sewage  is  capable  of  being  dissolved  and  destroyed  by  the  actitm 
•  if  anaerobic  micro-organisms. 

Bacteria  are  very  low  forms  of  plant  life,  which  feed  on 
tJie  organic  matter  and  excrete  it  in  it  new  form,  its  chemical 
composition  as  a  rule  being  rendered  simpler  by  the  change. 

In  shape  bacteria  are  in  spheres,  rods,  and  spirals;  the 
spheres  are  often  in  chains  like  strings  nf  beads,  extremely 
minute,  and  never  visible  to  the  naked  eye.  but  their  power  nf 
multiplication  is  exttaonlinar^-  and  almost  inci-cdiblc  :  in  24 
hours  the  number  of  oif«pring  from  each  bacterium  is  computed 
to  be  lG.500.00n  descendants,  and  in  two  duvs  iilK.ut 
281,500.1)00,000,  This  would  give  about  a  solid  pinl  ..f  hac. 
teria;  this  is  what  they  might  .do  if  nothing  happened  to  check 
them,  but  through  tho  luck  of  food,  or  by  the  accumulation 
of  their  own  excreted  products,  which  are  injurious  lo  them, 
thev  in  their  tum  die  off.  and  arc  lliereby  kept  within  i-cason- 
able  bounds. 

The  method  nf  growth  is  by  simple  division  or  Hssion; 
each  individual  sphei-e  elongates,  and  then  divides  in  the 
middle  info  similar  halves,  each  of  which  repeats  the  process, 
and  so  they  go  merrily  on;  another  kind  continues  to  increase 
in  length,  sometimes  without  showing  any  signs  of  divisions. 
and  long  threads  are  formed,  but  these  after  a  time  break  up 
into  short  rods. 

Bacicriii  have  had  a  very  bad  name,  and  even  in  the 
popular  imagination  they  are  to  be  avoided  at  all  risks,  but  this 
is  a  most  difficult  matter  to  do.  ns  tlicv  exist  almost  evers-whei-e 
on  the  surface  nf  tlie  earth:  they  ate  in  the  soil,  they  arc  in  the 
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water,  in  tlie  air,  and  you  may  be  sure  there  is  a  plentiful  sup- 
ply of  them  in  the  floliaunesburg  dust;  they  are  always  to  be 
found  in  excessive  abundance  in  all  decaying  matter,  but  they 
will  not  do  any  harm,  and  are  really  agents  for  good,  but  like 
the  "  black  sheep  ''  which  are  in  every  fold,  you  may  come 
across  a  '*  pathogenic  '^  bacteria,  which  is  capable  of  doing  great 
injury,  but  these  germs  are  very  few  compared  to  the  great  host 
(»f  harmless  species. 

The  l>eiicfits  we  derive  from  bacteria  are  enormous,  and 
their  aid  is  necessary  in  the  manufacturing  of  linen,  jute,  and 
hemp,  citric  a<-id,  vinegar,  tobacco  curing,  butter,  cream,  and 
many  other  things. 

Sewage  that  contains  human  excrement  works  its  own  de- 
struction, as  all  faecal  matter  teams  with  bacteria;  at  the  same 
time,  it  takes  a  little  while  for  these  busj*  *'  scavengers"  to  mul- 
tiply in  suftirient  quantities  to  set  up  the  requii*ed  fermentation, 
or  decomposition,  whicli  forms  tlie  scum,  or  leathery-looking' 
layer,  on  the  surface  in  the  septic  tank. 

At  Pretoria,  for  the  new  cantonments,  I  have  just  com- 
pleted an  installation  for  -^,000  people,  which  is  now  working, 
and  giving  satisfactory  results,  and  perhaps  it  will  be  as  well 
to  give  yon  this  installation  as  an  example,  and  to  explain  at 
the  same  tinu*  its  working. 

The  installation  consists  of  a  grit  chamber,  with  storm- 
water  overflow,  two  septic  tanks,  and  eight  filter  beds. 

The  grit  chamber  is  for  the  purpose  of  catching  all  in- 
soluble matter  like  san<l,  road  detritus,  and  such  like  from 
passing  into  the  tanks,  and  it  is  surprising  what  is  found  in 
this  chamber.  If  the  volume  of  sewage  is  too  large  for  enter- 
ing the  tanks  by  the  addition  of  surface  or  rain  water,  say  from 
the  roofs,  and  therefore  diluted  to  a  large  extent,  a  storm-water 
overflow  weir  is  placed  in  this  chamber  at  high-water  level,  and 
is  checked  bv  a  dip])ing  slab,  which  keeps  back  alLsolid  matter 
which  would  otherwise  be  washed  on  to  the  land.  The  sewage 
from  this  grit  chamber  ])asses  into  a  channel,  which  conducts 
it  to  the  intakes  of  the  septic  tanks,  two  in  each  chamber.  The 
deliverv  from  these  intakes  is  two  feet  below  the  surface  or  low- 
water  level;  this  is  done  to  avoid  disturbing  the  scum,  and  to 
shut  off  liny  air  from  entering. 

These  tanks  aie  practically  air-tight,  being  covered  over 
nith  ((Micictc  aiches,  bul  provision  is  made  in  each  tank  for 
the  escape  of  the  gas  gen(»rated,  in  order  that  they  may  not 
get  too  seriously  charged,  the  depth  below  the  springing  at  the 
intake  en<l  being  (i  ft.  0  in.,  to  7  ft.  3  in.  at  the  outlet  end,  and 
are  constructed  to  hold  24  hours'  supply,  ordinary  dry  weather 
flow.  The  flow  through  the  tank  is  continuous,  and  the  effluent 
is  drawn  off  1  ft.  G  in.  below  the  water-level,  the  effluent  therebv 
passing  off  in  an  even  stream  bv  a  6  in.  pipe  with  an  half-iTich 
dot,  running  across  the  end  of  the  tank,  causing  as  little  dis- 
tiiprbaitce  as  possible  to  the  scum  accumulated.     Xow,  the  ques- 
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tioii  naturally  arises  in  your  itihuU.  what  becomes  of  the  solids 
— ^suroly  the  tank  must  aiiou  gel  full  of  sludge;  but  it  is  hen' 
that  the  micro-organ  isms  slart  doing  Iheir  work,  and  very 
effectual  it  is.  ennsisting  in  the  breaking  up  and  lifjnefving,  and 
ultimate  destruptioii  of  all  organic  mutters,  iind  convt-riing  thfm 
into  harmless  compounds,  such  ns  nitric  acid,  carlHmic  acid, 
ammonia,  and  water,  with  a  eonsideriible  amount  of  gas  gene- 
rated—viz..  marsh  giis  (uicthmip),  hydrogen,  and  carbonic  acid, 
the  first  two  being  highly  intiammable  gases,  therefore  no  light 
should  be  allowed  to  go  near  those  tanks,  otherwise  disagree- 
able conseiiueaces  may  ensue.  At  Exeter  Ihe  works  are  lighted 
by  the  gas  generated  in  the  tanks,  incandescent  niaiilles  iK'ing 
used,  or  otlierwise  the  gaa  only  gives  oil'  a  blue,  hot  ftame. 

The  action  of  the  bacteria  is.  that  any  solids  ent«ring  the 
tank,  on  falling  to  the  tloor  are  immediately  attacked,  and  are 
partly  rendered  soluble;  these  particles  become  buoyant,  owing 
to  the  gas  generated  and  adhering  to  the  sides  of  the  solids, 
causing  them  tu  rise  to  the  top,  forming  the  scum  mentioned. 
This  action  is  constiinllv  going  on.  until  the  matter  finally  fulls 
back  to  the  Imttom  of  ihe  lank  in  a  black  ash;  this  is  inoffeu- 
sive,  and  of  very  small  balk,  and  only  requires  to  be  removed 
at  very  long  intervals. 

Provision,  however,  is  made  for  the  clearing  of  this  ash 
in  all  large  tanks  now  by  a  slotted  pipe,  at  Ihe  lower  end  of  the 
tank,  which,  by  opening  a  valve,  is  discharged  Ihrough  this 
pipe,  and  no  disturbance  is  thereby  given  to  the  scnm. 

From  this  tank  it  flows  into  tlie  effluent  chamber,  and  from 
thence  to  the  gear  chamber,  and  into  the  filler  beds,  eight  in 
number,  or  in  two  sets  of  four.  The  tank  effluent  is  admitted 
to  each  filter  in  I  urn,  thnnigh  a  valve,  the  working  of  ■which  i.« 
automatic,  and  by  a  series  of  levers  and  buckets,  Ihe  latter  of 
which  is  emnlied  by  syphons.  The  advnntiige  of  Ibis  gear  i.-! 
verv  great;  its  chief  merit  lies  in  Ihe  precision  and  certainly 
with  which  it  does  its  work.  Without  its  aid.  two  while  men 
at  least  wonld  be  required  to  nllend  to  the  proper  workinir  of 
the  plant,  one  by  day  and  one  by  night.  It  is  impossible  under 
ordinary  circumstances,  and  with  the  class  of  altendant  usually 
nvailable,  to  ensure  the  operations  being  effected  with  an>-thing 
like  the  precision  which  is  attained  bv  this  gear,  whereby  not 
onlv  is  the  best  work  got  oul  of  Ihe  filters,  but  they  are  kept  in 
a  Ihoroughly  healthy  condition,  with  no  risk  of  their  becoming 
"  sick  "  fas  Ihe  lerm  is),  due  to  lieing  asked  to  do  too  nmch 
work,  not  being  properly  aerated,  or  other  various  causes,  which 
are  bound  to  occur  if  left  to  the  tender  mercies  of  hand  regulii- 
tion. 

To  get  real  purification,  the  filtrations  of  sewage  must  he 
intermittent,  and  here  lies  to  my  mind  ibe  success  of  this  sys- 
tem, each  filler  doing  ils  proper  amount  of  work, and  then  hav- 
ing its  rest.  Taking  the  four  filters,  yon  have  one  filling, 
another  is  full  and  allowed  to  remain  full  for  a  certain  period. 
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and  the  other  is  either  emptying  itself  or  resting  for  a  while. 
In  the  emptying  the  great  thing  is  to  ffet  the  discharge  away 
quickly,  so  that  air  is  sucked  into  the  filtering  material.  The 
bacteria  which  do  their  work  in  these  filter  beds  are  quite 
different  to  those  working  in  the  tank,  for  those  that  do  their 
work  with  lisrht  and  air  excluded  are  known  as  "  anaerobic/* 
while  these  are  known  as  "  aerobic/'  and  require  as  much  light 
and  air  as  nossible,  and  the  work  to  be  done  consists  in  the 
oxidation  of  the  ammonia  formed  in  the  tank.  This  is  con- 
verted into  nitric  acid,  which  at  once  combines  with  the  bases 
to  form  nitrates. 

The  filtering  material  should  be  either  coke  breeze,  clinker, 
or  cinder  sifted  through  an  half -inch  mesh,  and  passed  over 
another  screen  of  one-eighth  inch  mesh,  and  so  freed  of  all  dust. 

Tlie  filtered  efiluent  has  been  constantly  analysed  by  the 
foremost  cliemists  at  Home,  and  I  now  give  you  an  average 
sample  of  tank  and  effluent  taken  on  six  different  days  in  May, 
and  ending  Tune  8th,  at  Belle  Isle,  Exeter,  at  the  installation 
there. 

AVER.VGK  (ciK.MXS   PER  G.VLLOX). 


Totftl  Solids  ... 

Mineral  Mutter 

Loss  on  licnition 

Chlorine 

Hardness 

Nitrites 

Nitrates 

Saline  Aiunionin 

Albuminoid  Aiiinioiiit» 

Oxygen  absorbed 


Haw  Sew|is:e. 

57.0 
28.8 
29.0 

6.05 

8.0 
None 
Traces 

4.4 
.74 

4.3 


ik  KfHaent. 

Filter  Efflnent. 

37.7 

31.5 

24.5 

250 

13.2 

6.6 

4.(5 

45 

9.0 

10.2 

None 

None 

Traces 

.91 

282 

1.16 

.47 

.11 

1.4 

.33 

The  following  table  shows  the  peicentage  purification  pro- 
duced by  the  vsepti(^  tank  process  according  to  different  observers, 
as  judged  by  the   removal   of  albuminoid   ammonia,  and  oxi- 

disiblo  matters  :  -  - 

.\mlioritv.  Albuminoid  Ammonia.        OxidizaMe  Matters 

Dibdin  and  Tiiudicbiun    ...  03.2  80.9 

Duprc  84.9  88.3 

Pejirnuiin  and  Moor  ...  80.0  90.0 

Perkins        ...         ...  ...  (>4.4  78.7 

Kideal  77  0  82.0 

I  have  kei)t  the  eifluent  for  months  in  my  office,  in  a  corked 
bottle,  and  only  a  slight  smell  is  given  off  from  it,  whereas  if 
all  decoin])0'^ition  had  not  set  in  it  would  be  hisrhly  disagree- 
able: this  is  a  very  practical  way  of  testing. 

This  treatment  retjuires  very  little  supervision;  at  Pre- 
toria a  man  visits  the  works  once  a  day,  say  for  half  an  hour,  to 
oil  the  beariuQ's  and  to  supervise  the  workincr.  The  filter  Wds 
requii-e  the  surface  raked  over  occasionally,  which  can  be  done 
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by  ail  iiitelliffeiit  native,  and  the  grit  cliaiubur  also  roquires 
cleauitig  out  abimt  once  a  week. 

YtTj  littk-  smell  is  given  off  from  this  proct'ss,  and  it  is 
free  from  any  nuisance,  and  in  many  places  large  iiistaLlatious 
have  been  put  down,  where  they  are  entirely  surrounded  by 
Louaes,  wliiih  a  glance  at  the  photos  taken  of  some  of  the  in- 
stallations will  mIkiw.  Thia  gives  it  an  enormous  advantage,  as 
the  system  can  bo  put  down  in  a  tov^^l,  and  therefore  the  cost 
of  a  ^ng  length  of  oiitfiiH  avoided. 

Tho  fiHiute  is  a  must  valuable  asset,  as  it  can  be  used  for 
irrigation  purposes,  more  especially  of  the  market  garden  class. 
and  with  the  site  ao  near  the  town  is  of  much  higher  value 
than  if  Hfveu  or  eight  miles  distant.  Take,  for  instance,  this 
town  of  Joliannesbuip;  the  installation  could  be  situated  close 
to  the  towii,  the  filtered  effluent  could  then  Iw  carried  down  the 
natural  water-courses,  the  ground  inigatod  on  either  side,  and 
the  water  after  percolating  the  ground  could  be  again  collected 
in  the  spruits,  and  run  iuto  the  dams,  and  used  for  mining  pur- 
poses. I  trust  tliiit  this  scheme  may  yet  have  the  further  con- 
sideration of  our  Council,  instead  of  taking  it  miles  out  to  a 
sewage  farm,  where  they  are  proposing  to  erect  septic  tankn, 
(he  outfall  sewer  alone  costing  nearly  as  much  as  a  complete  in- 
stallation. The  ground  required  for  an  installation  to  treat 
the  sewage  from  60,000  people  would  only  be  about  seven  or 
eight  acres,  whereas  with  a  sewage  farm  for  the  same  number 
120  aercs  will  at  least  be  required. 

This  system  is  now  being  adopted  at  most  of  the  new  can- 
tonments in  South  Africa — via.,  Pretoria,  Standerton,  Pofehcf- 
stroom,  and  llarrisnkith-  the  effluent  being  used  for  growing 
vegetables  foi'  the  barracks. 

Several  small  installations  have  been  put  down  for  private 
houses,  and  the  advantage  need  hardly  be  pointed  out.  wlien 
it  is  considered  that  water  closets  may  bo  used  instead  of  the 
smelly  pail  closet,  with  the  added  uuisaneo  of  having  Kaffirs 
pi-owling  round  your  premisi^s  at  night  time.  Again,  all  your 
slop  water,  the  bane  of  every  householder,  is  at  once  carried 
away,  and  treated  with  the  rest,  your  closets  con  be  built  in  your 
houses,  and  all  the  comforts  of  Home  sanitary  fillings  can  be 
gained.  The  water  bill  is  cut  down  by  the  fact  that  the  whole 
of  the  effluent  can  be  used  on  the  garden,  which  means,  with  an 
average  private  house,  about  150  gallons  per  day,  or  4.500  gal- 
lons per  month,  of  a  value,  say,  10b.  per  1,000  gallons,  p<|uaily 
^2  59.  a  month, 

These  small  installations  are  automatic  in  their  action,  but 
require  a  certain  amount  of  sunervision  to  see  to  their  correct 
working,  but  imvone  who  will  tnke  a  certain  amount  of  interest 
in  eomnrehcnd  the  working  will  repay  over  and  over  again  the 
litlle  allcnfiou  renuired. 

A  very  imnortant  nmlter  is  to  see  that  all  grease  is  kept 
oat  of  the  septic  tank,  othei-wise  the  liquefying  action  is  seri- 
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ously  interfered  with,  as  the  grease,  forming  a  layer  on  the  sur- 
face of  the  water,  prevents  the  bacteria  from  doing  their  work. 

I  have  been  constantly  asked.  What  would  happen  if 
typhoid  or  other  pathogenic  germs  got  into  the  tank?  There 
is  no  doubt  this  is  liable  to  happen,  as  persons  suffering  from 
certain  diseases  give  off  germs  and  organisms,  capable  of  eom> 
municating  the  same  disease  to  others,  but  in  the  tank  and 
filter  beds,  the  bacteria  which  are  present  in  decomposing  the 
sewage,  destroys  these  disease  germs,  and  Dr.  Pickard,  in  his 
report  on  the  Exeter  installation,  states: — * 

**  Since  May,  1896,  his  attention  has  been  directed  to  the 
influence  of  sewage  upon  disease  germs,  with  a  view  to  ascer- 
tain as  exactly  as  possible  the  extent  to  which  those  disease 
germs  wei*e  destroyed  in  their  passage  through  the  tank  and 
filter  beds.  The  typhoid  bacillus  had  been  taken  as  the  germ  to 
be  investigated,  antl  in  his  report  he  had  set  out  the  method  and 
result  of  his  several  experiments.  He  had  experimented  upon 
the  cultivation  of  t>-phoid  bacteria  in  milk,  broth,  etc.  The 
combined  action  of  the  tank  and  filters  would  pretty  well 
account  for  the  disposal  of  the  typhoid  g^rms.  The  vast 
majority  would  be  destroyed.  He  had  made  a  series  of  experi- 
ments giving  the  amount  of  energy  in  the  bacilli  which  were 
left  in  the  tank.  He  examined  some  storm-water  sewage  just 
as  it  would  co  into  the  tank.  From  the  observations  and  ex- 
periments he  had  made,  he  was  of  opinion  that  the  system  of 
septic  tanks  and  filters  was  an  exceedingly  good  one  in  every 
respect,  particularly  in  regard  to  its  influence  upon  the  germs 
iti  typlioid.  II is  test  was  a  very  severe  one.  having  to  introduce 
a  groat  niinilKT  of  gcnns  in  order  that  he  miirht  trace  them  in 
filtering.  He  liad  further  made  experiments  with  colour,  to 
see  if  there  was  any  streaming  through  the  tank,  and  the  result 
was  verv  satisfactorv.'' 

«  • 

In  conclusion,  I  wish  to  say  that  this  paper  is  a  descrip- 
tion of  the  septic  tank  only.  There  are  other  methods  in  which 
bacteria  play  the  prominent  part,  and  as  this  subject  is  likely 
to  be  very  much  to  the  front  in  the  near  future  in  many  of  the 
towns  in  South  Africa,  those  takine  an  interest  in  it  should 
read  the  words  of  Dr.  S.  B ideal.  D.Sc.  ^London^.  F.I.C.,  Mr. 
George  Thudichum,  F.(\S..  Dilxlin.  T-I.C,  F.C.S..  and  Martin, 
Assoc.  Mem.  Inst.  CE..  who  have  treated  this  subject  upon  a 
much  broacler  basis  than  I  have  been  able  to.  But  in  bringing 
before  you  this  svstem  with  which  I  have  had  practical  and 
large  experionre.  it  is  in  the  hope  that  your  interest  will  be 
drawn  thereto,  and  that  when  the  question  crops  un  again  you 
mav  then  l>e  able  to  treat  it  in  a  manner  which  will  enable  the 
best  results  to  be  obtained,  and  I  shall  then  be  proud  to  remem- 
ber that  my  efforts  in  the  preparation  of  this  small  paper  have 
not  l>een  in  vain. 


Dr.  Piokanl.  M.I>..  M.S.,  F.R.C  S..  I>.P.H .  lit  the  Loi-al  GoTernroent  Btmid 

Inquiry  heM  lit  Exeter.  Noveraher,  1S97. 
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In 


I  few  i 


„  ,  impressions  mnde  upon  me  during  a 

i-isit  to  Ilnly  a  few  years  ago,  I  have  only  touched  upon  u  short 
period  of  Italian  Architecture  in  a  few  huildings  in  one  or  two 
cities,  and  that  you  may  in  some  manner  understand  how  this 
Architecture  came  to  be  what  it  is,  I  will  shortly  explain  its 
origin  and  development,  starting  from  the  time  of  the  Greelis, 
though  they  themselves  derived  their  inspiration  from  Egypt. 

Few  people  visiting  Florence,  Venice,  or  the  other  towns  of 
Northern  Italy  would  dream  of  connecting  the  Architecture  of 
the  jialaccs  with  either  Greece  or  Rome.  Yet  all  European 
Architecture  is  derived  from  either  one  or  the  other,  or  from 
hoth,  and  much  of  it  is  influenced  by  the  architecture  of  the 
East. 

Greece  produced  lier  finest  work  between  B.C.  480  and  B.C. 
4!10,  and  reached  the  height  of  perfection  in  the  Parthenon, 
allowed  to  possess  the  most  perfect  proportion,  beauty  of  detail 
and  exquisite  refinement  of  the  arts  relating  to  architecture,  so 
that  it  stands  alone  :  the  glory  of  Greece  and  a  reproach  to  the 
rest  of  the  world. 

When  the  Romans  afterwards  overran  and  plundered 
Greece,  they  carried  bnck  with  them  clioice  works  of  art,  statues, 
pillars,  and  precious  marbles,  which  they  used  in  the  construc- 
tion of  their  public  buildings.  Greek  manners,  literature,  and 
art  became  the  fnshion,  and  Greek  artists  flocked  to  Rome,  but 
in  the  endeavimr  to  please  the  luxurious  and  corrupt  taste  of 
Iheir  patrons,  soon  lost  their  purity  of  style,  and  their  buildings 
Ihoiign  they  far  surpass  in  constructive  skill  anything  the 
world  had  seen,  could  not  be  considered  good  works  of  art; 
nevertheless,  they  were  designed  on  such  a  magnificent  scale 
iind  with  a  grandeur  in  conception  that  the  remains  of  these  old 
Roman  buildings  to-day  strike  the  beholder  with  awe  and  admi- 
ration. From  the  Greeks  they  borrowed  the  column  and  lintel, 
and  from  the  Etruscans  the  semi-circular  arch,  and  soon  deve- 
loped the  Roman  style  of  Architecture.  One  style  grows  out  of 
another  so  gradually  that  it  is  impoBsible  to  say  exactly  where 
one  ends  or  the  other  begins. 

During  the  first  three  centuries  of  (he  Christian  era.  Roman 
Architecture  reached  its  culminating  point,  and  after  the  time 
of  Constantine  a  gradual  change  took  place  which  eventually 
produced  the  early  Christian  and  Romanesque  styles  in  "Western 
Europe. 

Wlien  Constantine  settled  at  Byzantium,  the  Roman  archi- 
tects who  followed  in  his  train,  brought  their  traditions  with 
them,  but  different  requirements,  climate,  and  customs  pro- 
duced changes  in  the  style  of  building,  and  wo  have  the  great 
Church  of  St.  Sophia,  Constantinople,  erected  by  Justinian 
about  5^5,  said  to  lie  the  finest  example  of  Bvzantine  Architec- 
ture, and  perhaps  the  most  beautiful  of  all  domed  interiors.    I 
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only  know  it  from  photographs,  but  from  them  it  appears  to  be- 
all  that  is  claimed  for  it. 

Here  the  classic  orders  are  no  longer  preserred  in  the  con- 
struction, semi-circular  arches  spring  from  massive  square  piers,, 
and  support  the  glorious  dome  pierced  by  forty  windows,  arcades 
of  rich  marble  columns  with  carved  capitals  support  the  iral- 
leries.  Sculpture  is  almost  abandoned,  and  the  piers,  walls,, 
and  dome  are  covered  with  grand  decorative  work  in  gold  and 
coloured  mosaic,  the  forerunner  of  St.  Mark's  at  Venice. 

The  earliest  architecture  of  Venice  was  Christian  Homan,. 
but  only  a  few  fragments  are  to  be  found,  for  Venice,  though 
founded  in  421,  was  only  selected  as  the  seat  of  Government  in 
809,  when  the  Ducal  residence  was  established  there. 

St.  Theodore  was  the  first  patron  saint  of  the  city,  and  a 
church  was  erected  in  his  honour  on  the  present  site  of  St. 
Mark's,  but  wlien  the  Venetians  brought  the  body  of  St.  Mark 
from  Alexandria  or  Cyprus  in  829,  they  made  him  their  patron 
saint,  using  his  emblem,  the  Lion,  as  their  cognizance,  but  his 
body  was  consumed  in  a  fire  which  totally  destroyed  the  church 
in  976. 

Pietro  Orseolo  very  soon  after,  began  the  existing  building 
of  St.  Mark's,  and  with  the  assistance  of  Byzantine  architects, 
the  work  was  carried  on  for  nearly  a  hundred  years.  The  walls 
and  domes  were  completed  in  1071  and  the  church  consecrated 
in  1085.  The  ground  plan  is  in  the  form  of  a  Greek  cross,  the 
arms  being  nearly  equal,  with  a  dome  over  each  and  a  dome  over 
the  crossing.  There  are  aisles  to  the  nave  and  choir,  and  a 
larp^e  atrium  or  porch  round  three  sides  of  the  church,  one  being 
used  as  the  Baptistery.  The  portico  was  intended  for  the  use  of 
new  converts  and  the  uubaptised,  and  that  they  might  read  a 
lesson,  the  domed  ceiling  is  decorated  with  Byzantine  Mosaics 
representincr  the  Fall  of  Man  and  other  important  subjects  till 
the  time  of  Moses. 

Tlie  firreat  bronze  doors  lea<ling  into  the  nave  are  of  Byzan- 
tine workmanship,  incised  and  decorated  witli  niello  work,  and 
are  worthy  of  the  place  of  honour,  entering,  the  glory  of  the 
interior  at  once  bursts  upon  you  and  you  feel  amazed,  bewildered 
at  the  wondrous  glory  of  the  scene. 

The  building  is  lighted  by  arched  windows  all  round  the 
ba<»e  of  the  domes,  and  by  others  higli  up  in  the  walls,  and  they 
difFuse  a  soft  subdued  light  in  which  one  can  realise  the  whole 
f?rand  conception,  the  mystic  domes  resting  on  great  arches 
sprin fifing  from  massive  piers,  pierced  by  arches,  every  part 
glowiiifir  with  crold  and  coloured  Mosaics  or  rich  marble,  and 
now  lights  and  beaulies  revealed  as  you  move  from  place  to 
pl-^co.  In  the  soandrils  of  the  central  dome  are  the  four  Evan- 
gelists, e«ich  with  his  name  above.  Between  the  windows  the 
figures  of  the  Apostles,  and  hicrhcr  up  still  in  the  dome,  flying 
ancrels  suoport  a  sphere  on  which  is  Christ,  and  in  all  the  domes 
there  is  the  figure  of  Christ,  in  the  utmost  height  of  them,  and 
80  through  all  the  church,  Christ,  Supreme! 
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Supporting  the  ffalleries  are  priceless  marble  columns,  with 
esquiaitoly  carved  capitals  and  decorated  arthca,  and  separating 
the  choir  from  the  nave  on  solid  plinth  a  screen  formed  by 
columns  with  well  carved  figures  of  the  Apostles;  on  either  side 
ambones  or  Dulpits  of  marble  and  jasper,  rich  veined  marbles  of 
many  colours  everywhere,  the  floor  of  marble,  serpentine  and 
porphyry  in  iiiidulations  like  soft  swelling  waves.  St.  Sophia, 
Constantinople,  Ferguson  saya,  has  such  a  floor,  and  it  ia  on 
record  that  it  is  an  intentional  symbolism,  but  having  walked 
on  that  of  St.  Mark's,  I  can  assure  you  it  is  not  one  to  be 
recommended. 

There  are  a  few  small  figures  on  brackets  and  altar  railingd 
round  the  church  and  bas-reliefs  of  the  Virgin  built  into  the 
walls  with  softly  glowing  lamps  in  front. 

Time  will  not  permit  all  the  wonders  of  the  church  to  he 
described  :  the  ailar,  with  its  shafts  of,  I  think,  onyx  that  you 
can  see  the  light  through,  its  arches,  the  wonderful "  pala  doro," 
only  shown  on  certain  feast  days:  the  treasury,  with  its 
jewelled  and  enamelled  cups  and  church  vessels,  and  many  other 
delightful  works  made  long  ago  in  the  days  when  men  loved 
these  things.  There  is  a  magnetism  about  St.  Mark's,  and  one 
is  continuallv  finding  oneself  straying  in  if  only  for  a  few 
minutes.  It  is  a  place  to  worship  in,  no  other  church  I  have 
seen  seems  so  religious  and  helpful  to  one's  inner  nature.  The 
iihurcb  is  neither  large  nnr  high,  and  this,  I  think,  only  shews 
what  grandeur  may  he  obtained  by  the  lavish  use  of  glowing 
colour,  marble  and  precious  stones  in  the  hands  of  a  consummate 
artist. 

Can  we  not  take  a  lesson  from  St.  Mark's  and  make  our 
churches  glow  with  colour  and  rich  marbles,  "glorious  without 
and  beautiful  within,"  full  of  symbolism  and  deep  meaning,  and 
the  cross  over  all. 

The  best  way  to  approach  the  church  is  by  the  upper  end  of 
the  PiaKZa,  long  lines  of  arcades  with  elaborate  windows  and 
strong  lines  of  cornices  lead  the  eye  to  the  further  end  of  tho 
square.  At  the  right  band  corner  towered  up- — alas!  lately 
fallen  down — a  great  Campanile  built  of  brick,  simple  and 
majestic,  finished  with  an  open  arcaded  belfry  and  pyramidal 
roof  Clowned  with  the  gilt  figure  of  an  angel,  and  from  the 
Campanile,  and  partly  concealed  by  it,  stretches  across  the 
PiaK^ia  the  Church  of  St.  Mark.  In  front  of  it  rise  the  masts 
from  which  floated  the  banners  of  the  old  Republic,  and  count- 
less numbers  of  doves  flutter  about  and  circle  in  clouds  over- 
head. As  one  walks  up  the  (|uiet  slab-laid  square,  the  fascina- 
tion of  this  strange  Eastern  dream  draws  you  on  with  its  facade 
of  deep  porches  and  arched  heads  glowing  with  colour  and  round 
the  walls  of  the  porches,  some  in  lieht,  and  some  in  shadow,  are 
many  shafts  of  jasper  and  variegated  marble,  their  capitals 
lovely  with  interwoven  bands  of  flowers  and  foliage,  mystic 
signs,  and  the  Cross  everywhere;  and  above  these  yet  another 
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range  of  white  arches  curved  up  into  great  ogee  shapes  with 
carved  crockets  like  the  foam  of  the  sea,  and  in  the  midst  of  all 
gleam  the  bronze  breasts  of  the  Greek  horses  brought  by  Do^ 
Dandolo  from  the  East  in  1204,  and  towering  above  all  the  white 
domes  against  the  blue  sky,  all  lovely  in  the  sunlight  like  pearls. 
coral  and  opals.  What  a  contrast  this  is  to  our  sombre  English 
cathedrals  I 

The  Byzantine  palaces  of  Venice  have  mostly  disappeared, 
a  lower  storey  here  and  an  upper  one  there  only  remain  showing 
a  series  of  graceful  arcades  the  length  of  the  front.  The  Gothn- 
palaces  we  all  know  and  admire  so  much  were  built  during  the 
latter  part  of  the  12th  and  the  13th  and  14th  centuries. 

They  are  generally  divided  into  three  or  four  stories  in 
height,  separated  by  moulded  string  courses,  the  entrance  is  by 
an  arched  doorway,  with  a  few  steps  up  from  the  water.  The 
second  stage  has  a  handsome  window  of  five  or  seven  lights,  with 
arched  head  carried  on  shafts  and  filled  in  with  tracery  and 
smaller  windows  of  similar  design,  sometimes  enclosed  by  a 
square  line  of  delicate  moulding.  The  third  stage  is  generally 
a  repeat  of  the  second,  only  less  oniate,  and  not  so  important. 
Many  had  parapets,  but  they  have  disappeared. 

The  richer  palaces  were  faced  with  marble  of  various 
colours,  and  many  had  the  plain  spaces  between  the  marble 
windows  plastered  and  decorated  with  coloured  ornament,  and 
discs  of  marble  and  serpentine  and  other  stones. 

One  feature  which  adds  such  beauty  to  the  Venetian  palaces 
is  the  lavish  use  of  columns  to  all  window  openings,  they  give 
richness,  liglit  and  shade.  In  no  other  city  are  balconies  seen 
in  such  perfection  and  so  useful,  projecting  over  the  waters 
which  lap  the  foundation  of  the  palaces.  It  is  delightful  to 
stroll  out  and  enjoy  the  evening  air  after  a  sultry  day. 

Drifting  in  a  «jondola  along  the  silent  streets  on  a  summer 
day  one  can  revel  in  the  beauty  and  colour  of  these  old  Gothic 
palaces  rising  up  out  of  the  sea,  ever  varying  with  the  graceful 
sweep  of  the  Grand  Canal. 

Adjoining  St.  Mark's  is  the  Doge's  Palace,  from  which  the 
other  palaces  derived  the  idea  of  the  traceried  windows.  It  is 
the  most  magnificent  in  Venice.  It  is  three  stages  in  height, 
the  two  lower  stories  consist  of  arcades,  and  were  erected  in  the 
12th  century,  the  lower  one  is  a  simple  arcade  of  pointed  arches, 
resting  upon  circular  columns,  with  richly  carved  capitals,  the 
upper  arcade  has  double  the  number  of  arches  richly  moulded, 
with  circles  above,  cusped  and  carved  and  finished  on^  top  with 
carved  string  course.  Between  the  columns  there  is  a  balustrade 
of  small  shafts  and  arches  cut  out  of  the  coping.  The  upper 
Milage  supported  by  the  arcades  is  about  equal  to  the  unitetl 
height  of  the  two  lower  stories,  and  is  a  plain  wall  faced  with 
a  diaper  of  delicate  rose-coloured  and  white  marbles,  broken 
by  a  few  large  arched  and  decorated  windows.  Some  think  thia 
building  would  look  better  upside  down,  and  there  can  be  na 
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doubt  t!ie  origitiul  designer  did  uot  contemplate  the  upper  stage, 
but  there  it  is,  and  anyone  wbo  is  not  captivated  by  its  unique 
effect,  beauty,  and  charming  colour,  must  indeed  be  difficult  to 
pleaae.  The  lower  arcade  haa  lost  much  beauty  by  the  raising' 
of  the  pavement  of  the  Fiiizzetta  some  20  inches,  and  also  by  the 
disappearuuce  of  the  njarble  decoration  in  the  epandrills  of  the 
arches. 

Before  leaving  the  Piazzettu,  notice  the  two  granite 
columns  with  their  b»ses  and  carved  Greek  capitals,  one  sur- 
mouuteil  by  the  bronze  lion  of  St.  Mark,  and  the  other  bv  the 
statue  of  St,  Theodore  on  a  crocodile.  The  shafts  were  brought 
to  Venice  by  the  Dngo  Michael  as  part  of  the  spoil  after  the 
iou(|ueat  of  Tyre  in  112G,  and  even  then  they  were  "  antiques." 
One  shaft  is  more  slender  than  the  other,  but  the  great  spreading 
capitals  of  white  marble  are  designed  and  carved  so  subtlely  by 
the  twelfth  century  Greek  artist,  that  perfect  harmony  prevails, 
and  there  they  iuive  stood  more  than  seven  hundred  years,  per- 
haps the  two  must  hcauliful  cohimns  in  existence. 

In  all  Venice  ynu  will  nut  fiurl  nne  single  tower  or  palace 
built  for  defciur;  surrounded  as  she  is  by  shallow  lagoons,  no 
foe  could  attack  her,  and  to  this  fortunate  circumstance  and  her 
constant  trade  and  intercourse  with  the  East  we  can  attribute 
the  light,  elegant  and  rich  architecture  and  love  of  colour  ao 
delightful  in  the  strong  sunlight  under  a  blue  sky;  no  other 
European  people  so  clearly  caught  the  true  feeling  and  passion 
for  ndour  from  the  East  and  made  it  part  of  themselves. 

When  Venice  was  building  her  fairy-like  palaces,  other 
Italian  cities  were  erecting  frowning  fortresses  and  towers  in 
their  streets,  from  which  they  carried  on  war  over  the  heads  of 
the  peaceful  citizens.  Yet  Florence,  Piau,  Verona,  and  Siena 
were  building  their  splendid  churches  through  all  the  trouble- 
Bome  times. 

Wandering  down  the  winding  A'ia  Cavour  in  Siena,  and 
turning  under  an  archway,  at  once  bursts  upon  the  view  the 
Tower  of  Maguia,  soaring  up  into  the  blue  sky,  wonderful, 
incomparable,  this  living  exquisite  shaft,  truly  "a  thing  of 
beauty  anda  joy  forever,"  yet  itisonlyaplaiji  square  brick  shaft 
with  stone  projecting  battlements  adorned  with  coats  of  arms 
and  crowned  with  an  open  belfry;  the  shaft  has  holes  left  in  it 
at  regular  intervals  for  fixing  scaffolding  round  it,  in  which  the 
doves  now  make  their  home. 

Here  we  have  a  plain  brick  tower  begun  early  in  the  14lh 
century,  which,  owing  to  its  great  daring  and  skill  in  propor- 
tion, makes  your  heart  beat  quickly  when  you  suddenly  come 
upon  it  unawares.  No  Mosaics  or  carving  here  to  catch  your 
fancy,  only  simplicity,  form,  the  symbol  of  freedom,  towering 
up  into  the  sky.  Itntlier  a  contrast  to  St.  Mark's,  which  is  all 
colour,  and  little  study  of  proportion  or  architectural  forms,  j-et 
we  are  ready  to  fall  down  and  worship  it  also. 

From  this  T  think  it  is  clear  that  architecture  may  appeal 
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to  you  from  two  causes,  colour  and  form ;  the  latter  responds  to 
the  purer  and  finer  fibre  of  one's  nature,  and  to  the  people  who 
live  in  temperate  climes.  On  the  other  hand  rich  harmonious 
colour  carries  one  away  with  a  rush,  it  appeals  to  our  more  sen- 
suous nature  like  weird  or  sad  chords  in  music.  If  we  had  to 
own  up,  I  think  the  great  majority  of  us  would  go  for  colour. 

The  modern  architect  seldom  has  the  opportunity  of  cover- 
ing his  buildings  with  permanent  decoration,  so  it  is  all  the  more 
essential  that  form  should  be  his  chief  aim  :  in  form  are  included 
light  and  shade,  great  factors  in  successful  architecture,  but 
difficult  to  obtain  in  proper  proportion  in  these  days  of  small 
rooms  requiring  almost  equal  spacing  of  openings.  Nothing  is 
more  deadly  to  the  feeling  of  beauty  than  the  dull  monotony  of 
repeating  uninteresting  features,  but  repeat  the  arches  in  the 
Doge's  Palace,  and  you  have  beauty  to  your  heart's  content. 

Form  reaches  its  highest  development  in  the  human  figure 
idealized  by  the  Greeks  in  the  statues  happily  saved  from  the 
general  wreck,  which  now  adorn  the  museums  of  Europe. 

Who  has  not  been  lost  in  wonder  when  after  a  storm  the 
rain  clouds  roll  up  the  mountain  side,  and  are  tinted  by  the 
evening  sun  with  orange  and  purple,  or  the  burning  gold  and 
blood  red  of  the  distant  horizon,  with  all  the  manj'  varying 
shades  of  colour.  Let  us  study  these  wonders  in  colour  and 
form  that  nature  reveals  to  us,  for  that  way  lies  perfection. 


,    AND    SITE    rl'OX    RESKi] 
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Bv  K.  W.  Sloi-kr. 
{Pktos  XXXIV.-XXXVI.) 

No  hfitcr  momia  (if  up]) roach ino*  my  Bubject  occurs  to  me 
tbiiji  to  hy  and  say  aoniethiug  of  the  principal  coiisiileiiitions 
that  arise  m  the  pmceBs  lif  house  building. 

The  sum  to  bo  spent  ia  ileterniincd,  the  site  chost;u,  and 
then  it  falis  to  the  an-hiteut  to  consider  what  kind  of  a  house 
will  best  meet  the  special  c-ircnm stances  of  any  one  case.  In 
this  connection,  no  considerations  are  more  important  than 
those  imposed  by  the  conditions  of  site.  Amongst  these  must, 
■of  (-ourse,  always  be  included  those  of  aspect  and  prospect,  but 
to  such  it  is  hardly  necessary  to  refer,  as  no  architect  can  afford 
to  leave  Ihem  out.  I  am  thinking  now  of  the  broader,  and, 
perhaps,  less  definite  considerations  imposed  by  country, 
dimulc,  and  the  characlcr  of  surroundings.  These,  it  seems  to 
me.  should  cairy  weight  second  to  no  others,  if  the  house  itself 
is  to  be  pleasant  and  harnioninns. 

TUB    I\FI,IE\(E    OF    COIXTUT,    CI.IUA' 

I  pr(»poBc  to  eiill  attention  to  st 
I  hope  may  appeal  to  the  members  of  this  Association,  as  they 
do  to  me,  as  being  pleasant  exumples  of  domestic  architectui-e, 
possessing  each  a  chanicter  of  its  own,  traceable,  as  I  think, 
largidv  li>  llie  influences  I   have  referred  to. 

The  illustrations  I  have  placed  upon  the  walls  are.  I  may 
say,  almost  exclusively  of  modern  work.' 

I  have  thusreHlricteil  my  selection  becaiLse  whilst  the  pic- 
luresqueness  and  suitability  of  old  work  as  to  externals  are 
generally  acknowledged,  it  is  sometimes  objected  that  such 
plaees  did  all  very  well  for  our  forefathers  of  a  doKCn  genera- 
tions back,  but  no  rational  person  could  now  put  up  with  (he 
inconveniences  they  entail. 

It  is  for  us  architects  to  show  that  whatever  seeming 
antagonism  there  may  he  lietween  comfort  and  beauty,  il  is 
seeming  only,  and  can  alwa.ys  be  reconciled. 

I  am  referring  particularly  to  the  work  of  two  or  three 
architects  simply  because  I  have  chosen  the  readiest  means  at 
my  disposal  to  illustrate  my  points,  and  because  it  seemed  to 
me  that  these  might  poasibly  gain  in  precision  by  such  a  restric- 
tion. 

The  first  group  of  illuslralions  is  of  reproductions  of  photo- 
graphs of  houses  designed  by  Mr.  Kdwin  Lutyens,  which  I  have 
chosen  as  rharacteristieally  English.  (See  PI.  XXXIV, )  The 
second  group  are  sketches  of  houses  from  the  designs  of  Mr. 
Lorrinier.  of  Edinburgh,  chosen  as  characteristically   Scotch, 

o  puliliHh 


448  REroRT— 1904. 

and  the  third,  photographs  of  houses  by  Mr.  Herbert  Baker  at 
the  Cape,  etc.,  selected  as  characteristically  South  African. 

In  the  first  set  of  designs  there  is  something  that  at  a 
glance  bespeaks  those  typical  homes  of  rural  England,  which 
set  a  standard  of  combined  comfort  and  refinement,  which  is. 
surpassed  in  no  other  country. 

Mr.  Lutyens  delights  in  using  only  such  material  as  the- 
district  he  builds  in  naturally  afiPords,  and  we  may  be  pretty 
sure  that  the  massy  beams  which  make  such  prominent  features^ 
of  his  interiors  are  no  strangers  in  the  land,  but  are  taken  from 
the  heart  of  spreading  oaks  which  once  adorned  the  neighbour- 
ing landscape. 

As  equally  are  Mr.  Lorrimer's  designs  unmistakeably 
Scotch.  The  avoidance  of  recesses  and  sparing  projection  of" 
eaves,  the  thick  walls  and  simple  windows,  tell  a  tale  of  desire^ 
for  sun,  controlled  by  contention  with  cold  and  storm,  whilst 
the  simple  broad  surface  of  rough  cast  plaster,  relieved  where- 
occasion  needs  with  granite  quoins  or  corbels  and  the  sparing^ 
use  of  ornament  in  flat  relief,  are  eloquent  of  the  conditions 
imposed  by  the  unyielding  primary  rock  which  is  the- 
natural  building  material  of  the  countrj-. 

Mr.  Baker's  designs,  I  maj'  be  allowed  to  consider,  are  no 
less  characteristic  of  South  Africa.  In  a  country  of  bright,  hot 
sun  a  house  can  offer  no  more  pleasant  invitation  than  that  of 
cool,  airy  shade.  That  is,  I  think,  one  of  the  dominating  quali- 
ties of  the  style  which  Mr.  Baker  adopted  at  the  Cape  and 
made  his  own.     (See  PI.  XXXV.) 

But  so  far  we  have  only  dealt  witli  this  consideration  of 
archilootural  character  broadly,  comparing  differences  of  style 
which  have  been  induced  by  widely  differing  conditions  of 
climate. 

If  a  house  is  to  be  set  quite  happily  upon  its  site,  more- 
than  this  is  necessary.  Let  us  leave  England,  Scotland,  the^ 
Cape,  and  come  to  our  own  countrj'  of  the  Transvaal — to  our 
own  city  of  Johannesburg.  I  need  hardly  say  that  a  house 
which  is  appropriate  upon  the  deep  soil  and  amid  the  trees  of 
Doornfonlein,  is  not  necessarily  suitable  upon  a  naked,  rocky 
kopje  at  Park  town. 

A  somewhat  rugged,  severe  house  of  very  rock  itself  may  in 
the  one  case  be  most  expressive  of  a  natural  propriety  to  cir- 
cumstance and  of  very  satisfying  appeal,  whilst  in  the  otlier- 
the  same  house  might  simply  astonish  by  its  crudity. 

Such  rocky,  bleak  sites  in  such  a  sunny  land  as  this,  intro- 
duce considerations  which  are  most  fascinating  to  an  architect. 

It  may  be  of  interest  to  call  attention  to  some  attempts  ta 
meet  them,  which  are  illustrated  upon  the  walls.  (See  PL 
XXXYI.) 

Possibly  to  some  here  these  buildings  may  seem  to  be  too- 
severe.    But  it  must  be  remembered  tliat  for  the  softening  in- 
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fluences  which  the  development  of  the  immediate  surround  in  ss 
of  a  house  are  properly  relied  upon  to  supply,  time  is  esseniinl. 
I  ask  yoii  to  remember  this,  because  it  is  admittedly  a  prin- 
ciple of  first  importance  (I  shall  refer  to  it  a^ain  later),  and  it 
is  one  which  we  aro  often  tempted  to  forget  in  the  desire  to 
obtain  piclureeqiie  effects  without  its  aid. 

THK   V.\LUE   OF   SIMPLE  ROOFS   AN'D    WELL-PLAl'ED    CHIMXEVS. 

The  revolt  against  the  deadly  dullness  of  the  very  late 
Georgian  domestic  architecture  in  England  led  to  an  opposite 
extreme  of  admiration  for  this  quality  of  picturesqueness  in 
building.  The  extravagance  became  general,  and  the  ill 
effects  of  it  are  felt  in  all  the  Western  countries  of  Europe 
to-day.  and  in  such  a  country  as  this  of  our  own,  which  is 
dependent  upon  traditions  received  from  them. 

Perhaps  this  extravagance  la  nowhere  more  viciously  in- 
dulged than  in  the  treatment  of  the  roof.  I  have  placed  ujjnn 
the  table  a  book  containing  reproductions  of  photographs  of 
English  rotfages.  Any  who  have  time  to  look  at  them  will,  I 
think,  agree  that  they  are  attractive  examples  of  what  is  known 
as  the  "  picturesque  "  'in  architecture.  Yet  examination  will 
show  that  the  roofs  htg  in  all  cases  exceedingly  simple  and 
direct;  in  fact,  a  critical  examination  by  those  who  have  le- 
ceived  training  as  architects  must  prove  that  not  only  the 
builders  of  such  houses  did  not  try  to  break  up  the  natural, 
simple  lines  of  their  roofs,  but  that  by  the  grouping  of  chimney 
flue?  and  the  avoidance  of  windows  in  the  roof,  they  did  all  in 
their  power  to  preserve  a  maximum  of  unbroken  roof  surface. 
It  is  this  simplicity  of  roofing,  perhaps,  more  than  anything 
else,  which  in  domestic  architecture  gives  the  effect  of  Itcstftil- 
nesi;  a  quality  which  many  of  you  will  remember  Iluskin 
insists  upon  as  of  the  highest  importance  in  architecture  gener- 
ally. Such  roofs,  however,  cannot  he  pleasing  unless  covered 
with  pleasing  material;  and  it  has  been  one  of  the  great 
stumbliug  blocks  to  good  domestic  building  in  this  country, 
that  there  has  been  for  this  purpose  such  compulsion  to  the  use 
of  iron.  Time  is  gradually  correcting  this.  Tiles  and  shingle 
are  already  available,  and  we  hear  of  slate  becoming  so.  But 
for  years  to  come  the  use  of  iron  must  in  many  cases  prove  a 
upcessity. 

In  such  it  seems  to  me  to  be  a  good  principle  to  try  and 
make  the  roof  as  subordinate  as  possible  to  the  general  desiifn, 
and  to  rely  upon  a  widely  projecting  eaves — a  feature  to  which 
iron  readily  lends  itself.  Such  an  eaves  will  invite  the  pleasing 
adjunct  <if  D  supporting  cornice,  and  in  any  case  will  throw  a 
most  grateful  shadow  and  afford  a  very  real  protection  to  the 

There  is  one  other  point  in  connection  with  external  effect 
to  which  I  should  like  to  call  attention  in  passing.  That  is, 
the  importance  of  well  designed  and  well  placed  chimneys. 
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An  illustration  is  a  good  example  of  this,  and  I  may  again 
refer  to  the  book  of  cottages;  in  which  it  will  be  seen  that  the 
builders  of  many  of  the  examples  therein  contained  seem  to 
have  concentrated  their  best  powers  of  design  upon  this  feature. 
Jfote,  too,  how  in  Mr.  Lutyens'  work  the  chimnej-  is  made  use 
of  to  offer  effective  contrast  to  tlie  low  lines  of  his  roofs.    (Plate.) 

I  must  not  take  up  more  of  your  time  in  contemplating 
externals,  but  ask  j'ou  to  pass  on  to  some  thoughts  about  the 
interiors  of  our  houses. 

THE  BANEFUL  IXFLVEXCE  VPOX  HOUSE  PLAXXIXG  OF  SOME  MODF^X 

CONVEXTIOXS. 

There  are  certain  general  considerations  of  planning  so 
well  understood  that  they  need  not  detain  us.  No  one  pur- 
chases a  site  possessing  a  good  view  without  seeing  to  it  that 
the  outlook  from  the  principal  rooms  shall  reap  the  advantage 
of  it.  Such  considerations,  too,  as  the  desirability  of  avoiding 
the  western  sun  and  obtaining  the  morning  sun  are  well  known. 
I  prefer  to  call  attention  to  (»tliers  which,  as  it  seems  to  me,  are 
more  freciucntly  neglected. 

Perliaps  one  of  the  most  important  of  these  is  the  danger 
to  fail  to  make  the  most  of  our  opportunities  by  too  readj*  sub- 
mission to  conventions.  This  is  especially  so  in  the  case  of 
small  houses.  The  idea,  for  instance,  that  every  room,  however 
small,  must  he  at  least  10  to  12  feet  high  to  ensure  proper 
ventilation,  is  especially,  I  think,  a  pernicious  one.  Nothing 
is  more  generally  destructive  of  the  modest  repose  which  is  the 
chief  cliarm  of  a  well-designed  cottage  than  misplaced  and 
unnecessary  height.  In  such  buildings  economv  of  cost  is  in 
99  cases  out  of  100  of  first  importance;  and  we  should  recollect 
that  to  decrease  the  height  to  a  minimum  of  reasonable  neces- 
sity is  to  permit  the  extension  of  accommodation  to  a  maximum 
of  floor  space. 

It  is  not  the  low  ceiling  which  is  the  general  cause  of 
"  stuffy  ''  rooms,  but  the  failure  to  provide  windows  in  more 
than  one  wall  of  a  room  or  to  take  other  steps  to  ensure  cross 
ventilation.  If  we  are  to  have  cool,  fresh  rooms  in  the  warm 
months  of  the  year  the  need  of  cross  ventilation  is  a  pressing 
one,  and  we  shall  find  that  if  it  be  attended  to,  we  can  dispense 
with  the  disproportionately  large  windows  which  ai^e  always 
destructive  to  good  cottage  an^hitccture,  and  which,  in  this 
brightly-lit  land,  are  sometimes,  even  in  large  houses,  very 
objectionable. 

It  may  be  that  we  should  wish  in  a  particular  case  to  take 
full  advantage  of  a  fine  view  from  a  particular  room.  If  so 
we  should,  I  think,  do  well  to  arrange  the  large  windows  that 
become  necessary  undnr  the  grateful  shade  of  a  stoep. 

Another  convention  with  which  we  are  frequentlj*  tram- 
meled is  that  which  prompts  us  not  to  have  our  front  door 
entering  directly  into  a  room.     In  the  case  of  large  houses  that 
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IB  only  leasiinable.  But  in  ipiite  small  hoiiBes,  and  esppfially  in 
this  country,  where  nine  months  of  flie  year  are  wprni,  what 
good  reason  is  there  fo  give  way  to  it? 

In  Biirh  little  houses  as  we  ai-c  just  now  conBidering.  iiiim- 
hers  of  which  are,  of  course,  not  designed  by  architects,  much 
more  than  three  feet  in  width  is  seldom  allowed  for  an  entrance 
uassage.  This  is  generally  totally  i»a<Ie(|uately  lit  and  venti- 
lated through  tlie  front  door,  so  lliat  both  by  reason  of  the  re- 
stricted space  and  prevailing  gloom  it  is  difficult  to  i*eaeli  either 
of  ilie  little  rooms,  which  we  know  await  us  to  right  and  left, 
without  collision  with  the  umbrella  stand.  The  gain 
is  great  if  this  entrance  passage  be  thrown  into  one 
of  the  Mjoms,  which  then  becomes  a  pleasant  apart- 
ment, offering  a  runifortahle  spaciousness  to  its  occu- 
pimt  and  a  cheery  welcome  to  his  visitors.  A  resulting 
difficulty  in  arranging  the  staircase  need  not  he  feared.  A  cur- 
tained arch  can  here  be  made  a  sufficient  partition,  and  this  is 
what  has  Wen  arranged  in  a  plan,  lo  which  I  may  be  permitted 
to  call  yotir  attention.  In  Ibis  plan  a  bookcase,  it  may  be 
notired,  has  been  arranged  behind  the  front  door  in  order  to 
screen  the  first  entry  of  a  new  arrival,  and  by  intercepting 
draughts  to  lend  cosinesfl  to  the  room. 

I  am  well  awiire  that  idijections  can  be  urged  lo  hucIi  im 
arrangement,  but  do  not  the  nialerial  benefils  altogelher  out- 
weigh them? 

SOUK   SUGGESTED  HEVIVALS    IS  HOfSE   PI,.\XNING. 

In  larger  houses  the  revival  of  the  use  of  the  hall  as  a 
living  room  has  become  very  general. 

The  Klizabethan  plan  adopted  also  in  the  old  Butch  houses 
at  the  Cape  of  sci'eening  such  a  hall  from  the  entrance  lobby 
by  means  of  a  decorative  wooden  screen  is  one  well  suited  for 
adaption  here.  If  the  house  be  sufficientl.v  large  to  allow  sucli 
a  hall  to  embrace  the  height  of  two  lesser  apartments,  a  fine 
room  should  result. 

Might  we  not  consider  the  revival  of  another  niedia-val 
feature  of  house  planning  as  appropriate  to  this  country,  viz., 
that  of  I  he  internal  courtyard?  SoTiie  illustrations  show  how 
fascinating  this  feature  can  be. 

COSSTHrCTIVE  rBETTlSKSS. 

Individual  wants  differ  very  considerably  in  a  house  plan, 
and  have  always  to  be  taken  into  account.  I  do  not  propose 
to  enter  into  any  detailed  consideration  of  them,  but  may  1  say 
a  word  in  criticism  of  one  general  tendency  of  a  very  great 
deal  of  modern  domestic  architecture?  A  tendency  to  cm- 
strurtive  pipUintf*,  which  is  perhaps  specially  noticeable  in 
interior  work. 

We  all  know  the  fireplace  and  overmantel  sprinkled  all 
over  with  shelves  and  nooklots  innumerable — -the  queer  angular 
recesses  which  do  duty  as  cosy  corners — the  frelled  woodwork 
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screens  wliicli  take  the^  place  of  the  simple,  straiglitforward 
arch — these  and  suchlike  are,  I  venture  to  think,  not  com- 
mendable. 

THE  VALUE  OF  PllOPOHTION. 

Architects  soon  learn  in  practice  that  it  is  an  error  to 
think  that  tlie  more  nooks  and  corners  we  arrange  in  our  rooms 
the  cosier  they  will  be.  What  is  of  first  importance  in  their 
design,  as  in  all  architecture,  is  good  proportion,  i.e.,  the  rela- 
tion of  length  to  breadth,  of  height  to  both,  and  the  due  sub- 
ordination of  lesser  parts  to  the  main  body.  Of  course,  the  exi- 
gencies of  house  planning  do  not  permit  the  observance  of  any 
strict  rules  of  proportion.  IJut  the  discerning  architect  will 
always  bear  their  consideration  in  mind,  and,  by  expedients 
which  experience  suggests,  seek  to  mitigate  tlie  faults  in  pro- 
portion which  he  cannot  avoid. 

Of  such  faults  the  most  general  and  difficult  to  prevent  in 
the  design  of  houses  is  an  excess  of  width  to  length  in  the 
dimensions  of  a  room.  The  limiting  dimensions  of  a  billiard 
room,  for  instance,  24  ft.  by  18  ft.,  do  not  give  a  satisfactory 
proportion,  and  many  will  have  noticed  how  much  more  pleas- 
ing is  the  result  if,  retaining  the  limiting  width,  the  corre- 
sponding length  is  increased  by  several  feet.  In  such  a  case 
we  are  often  tied.  Ihit  in  other  cases  we  have,  I  think,  come 
to  believe  that  a  width  is  necessary  wliich  can,  in  fact,  be  quite 
easily  reduced. 

It  is  often  said  that  a  dining-room  must  not  be  less  than 
14  ft.  in  width.  In  a  large  house  it  may  be  advisable  to  make 
it  wider.  But  in  a  room  in  which  it  is  unlikely  that  more 
than  six  or  eight  people  will  sit  down  to  dine,  this  dimension 
can  be  quiie  comfortably  reduced  by  as  much  as  2  ft.  Care 
only  is  needed  to  provide  space  for  the  sideboard  at  the  end  of 
the  room,  to  avoid  a  projecting  fireplace  in  the  side  of  the  room, 
and  to  select  a  narrow  dining  table.  It  is  extremely  likely 
that  the  economies  of  building  which  have  led  to  the  general 
adoption  of  internal  projecting  chimney  breasts  have  given  rise 
to  such  a  prejudice.  For  it  will  be  found  that  many  dining- 
rooms  which  are  said  to  be  14  ft.  in  width  have  in  fact  an  avail- 
able width  of  only  12  ft.  6  in.,  by  reason  of  the  projecting 
chimney  breast. 

But  I  must  not  be  led  into  too  many  technicalities.  I  will 
only  repeat  that  if  we  are  to  have  restful  and  satisfying  homes 
this  (juesticm  of  proportion  must  never  be  out  of  the  designer's 
mind,  and  when  in  response  to  it  he  has  done  the  best  he  can 
for  the  general  shapes  of  the  rooms  he  must  be  careful  to  see 
that  such  adjuncts  as  bay  windows  and  fireplace  lecesses  ai^ 
rightly  related  and  subordinated  to  them. 

FITTINGS   AND   FUllNITURE. 

A  less  important  consideration,  but  one  which  is  more 
generally  appreciated,  is  the  desirability  of   having  such  fit- 
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nients  as  bookshelves,  window  seats,  cliina  cabiiiels.  diiiing- 
raom  eidcboards,  nr  dressers,  ptc,  designed  with  the  rooms  to 
which  they  belong  and  built  iiilo  recesses  provided  for  them. 
No  doubt  siifh  provisions  add  cousiderahl.v  to  the  initial  cost  of 
a  house.  Hut  this  is  fully  compensated  by  a  oorreaponding 
saving  in  tlie  expenditure  upon  movable  furniture,  and  I  think 
that  some  exumpies  of  rooms  so  Htted  whieh  I  am  able  to  ilhis- 
Irate  will  show  that  "  the  game  is  worth  the  candle." 

I  must  content  myself  with  a  sentence  about  furnishing. 

It  is  never  easy  to  furnish  well.  In  ii  country  sueh  as 
tliis  where  the  selection  is  so  limited  it  is  very  difficult.  But 
wo  should  always  try  to  have  our  furniture  in  correspondence 
with  our  house,  and  if  this  happens  to  Ite  a  small  one  with  an 
iron  (or  say  (hatched)  roof,  it  is  as  well  to  avoid  the  elegancies 
of  the  late  French  styles,  which  were  the  prmluct  of  a  luxurious 
and  thoughtlessly  extravagant  Conrl.  I  have  exhibited  a  few 
illustrations  of  well-fu  nil  shed  rooms— some  in  the  "  grand 
manner,"  some  in  cottage  style^all  good  of  (heir  kind,  and 
for  the  examination  of  those  interested. 

THK   SETTING   AVD   G.\BDKN', 

Lastly,  let  me  say  a  few  words  about  the  im- 
portaure  of  the  "setting"  of  a  house.  If  the  general 
pictorial  effect  of  a  house  is  to  be  satisfactory,  it  is 
essential  that  at  least  that  portion  of  the  garden  having 
intimate  relation  with  the  house  should  be  designed  in  eon- 
junction  with  it.  It  is  very  usual  in  think  that  this  is  not  n 
portion  of  an  architect's  work:  I  venture  to  say  that  no  archi- 
lect  who  is  an  itrtist  will  be  satisfied  to  leave  it  to  another. 
The  School  of  Lundsrape  Gardeners,  which  flourished  a  decade 
or  80  ago,  have,  as  far  as  the  planning  of  gardens  go,  had  their 
day.  They  were  and  are  admirable  horliculturalists;  but  their 
attempts  to  imitate  nature,  and  their  dislike  of  a  straight  walk, 
were  contrary  to  the  establisheil  taste  of  centuries,  and  as  un- 
wasonable  as  it  would  be  to  attempt  to  build  a  wall  like  the 
face  of  a  cliff. 

This  has  been  a  much-fought  question.  It  would  need  a 
paper  upon  this  subject  alone  to  go  over  the  field  of  battle  again. 
All  who  make  any  study  of  contemporary  building  papers 
must  have  noticed  that  the  majority  of  country  houses  in  Eng- 
land at  the  pi-csent  day  having  pretensions  to  really  good 
design  have  gardens  in  conjunction  which  are  laid  out  either  by 
the  architect  of  the  house  itself  or  by  some  other  architect  who 
has  won  special  repute  in  this  particular  work. 

Any  who  may  have  a  house  to  build  upon  a  small  plot  of 
ground  I  would  especially  beg  to  consider  this  question  of 
appropriate  setting.  Apart  from  all  consideration  of  effect,  it 
is  really  astonishing  how  great  an  economy  in  the  utilising  of 
ground  rau  he  effected  if  every  part  of  it  is  properly  appor- 
tioned in  relation  to  the  house,  and  the  actual  site  of  the  house 
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not  finally  determined  until  this  has  been  done.  Here  again 
I  must  not  be  tempted  to  enter  into  detail,  mucli  as  I  should 
like  to  do  so.  But  as  in  the  other  divisions  of  mj'  subject  I 
have  ventured  to  attack  some  convention  or  other  which  has 
seemed  to  me  to  lack  good  excuse  for  its  acceptance,  so,  with 
your  permission,  will  I  here.  We  all  of  us,  probably,  like  to 
catch  the  sound  of  the  gravel  cracking  under  the  wheels  of  our 
visitors'  carriages  as  they  bowl  up  to  our  front  doors.  Do  we 
not,  some  of  us  who  build  upon  small  plots  of  ground,  sacrifice 
too  much  for  this  satisfaction?  Have  we  not  all  seen  the 
approach  drive  which  has  left  so  little  space  for  a  garden  that 
the  poor  little  flowers  have  to  stand  in  corners  like  punished 
children,  or  crowd  into  one  forlorn  little  heap,  surrounded  by  a 
sea  of  unsympathising  gravel  ?  Is  it  not  better  to  run  the 
gauntlet  of  an  occasional  storm  that  we  may  enter  a  wicket  gate 
linked  to  the  front  door  by  an  avenue  of  dancing  flowers  or  by 
a  pergola  **  hung  about  with  trellised  vine  "? 


EXPLANATIOX    OF    I'LATES    XXXIV. — XXXVI. 

Plate  XXXIV.— An  Enjjlish  House,  Mr.  Edwin  Lutvens,  Architect. 
Plate  XXXV,— -A  Cape  Town  HoiLse,  Mr.  Herbert  Baker,  Architect. 
Plate  XXXVL— A   Honse  for  a    Johannesburg    Kopje,    Mr.   Herbert  Baker* 

Architect. 
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-LIGHTNING  AHRKSTERS  FUR  ELECTRIC 
TRANSMISSION   LINES. 

Bv  L.  Wilms,  M.Isst.C.E..  M.I.E.E. 

(I'late  XXXVII.) 

The  Traiisviial,  mid  especially  tlie  Baud,  is  well  kiiown  for 
its  Beveie  tLundL'rstnrms.  Every  summer  we  Lear  of  damiigo 
done  to  life  and  properly.  The  severity  of  the  storms  in  this 
distript  is  mainly  due  to  the  dry  condition  of  the  air  requiring 
a  higher  difference  of  potential  oetween  the  clouds  and  earth  to 
break  through  the  high  air  resistance,  than  when  the  atnio- 
iphere  is  in  a  more  humid  state,  as  experienced  in  the  homo 
country.  This  is  clearly  noticeable  in  the  so-called  diy  thunder- 
etorms,  in  which  far  more  damage  is  done  than  whou  the  teu- 
JAion  is  partly  relieved  by  torrents  of  rain  pouring  down. 

A  large  amount  of  electrical  work  has  been  put  down  on 
I'ihese  fields,  and  it  is  there  where  the  effects  of  the  severe  storms 
make  themselves  so  badly  felt,  as  testified  by  the  large  number 
of  armature  and  transformer  repairs  in  the  summer  months. 

Buildings,  chimneys,  bridges,  ships,  etc.,  require  only  pro- 
tection against  the  direct  effects,  when  being  struck  by  forked 
lightning,  the  indire<:t  effects  due  to  induction  or  redistribution 
of  electrical  potential  not  calling  for  any  safeguard  whatsoever, 
ae  these  effects  are  so  slight  that  they  do  not  endanger  property 
or  life. 

The  overhead  wire  circuits  of  electric  power  plants,  on  the 
oilier  band,  are  very  susceptible  to  these  secondary  effects,  and 
it  requires  careful  arrangement  of  apparatus  to  protect  dyna- 
OB,  motors,  transformers,  etc.,  against  these  effects. 

It  very  seldom  happens  that  a  line  is  struck  direct,  but  if 
the  heavy  discharge  generally  breaks  down  the  nearest  insula-' 
tors  and  goes  to  earth  over  the  iron  line  poles,  only  a  part  of  the 
charge  following  tlie  win's  to  their  destination,  there  being 
dealt  with  by  lightning  arresters  of  an  efficient  type,  or  finding 
its  way  to  earth  over  other  parts  of  the  plant  and  causing  broak- 
:aown  of  same. 

Besides  the  main  flash  there  is  often  a  number  of  side  dis- 
charges within  a  circle  of  about  50  yards  going  to  earth  simul- 
laneously.  Overhe.id  lines  are  often  struck  by  these  side  dis- 
ibarges,  and  although  seldom  dangerous  to  life,  (be  voltage  is 
"ways  sufficient  to  bi-eak  down  any  weak  points  of  insulation 
olesB  proper  arrangements  are  made  to  allow  of  a  harmless 
isoharge  to  earth. 

Ill  every  tbuiiderstorm  the  circuits  are  affected  more  or  less 
ly  the  inductive  effects  of  lightning  flashes  due  to  the  disrup- 
tive discharges  from  cloiul   to   earth    or   from   cloud   to   cloud 
jetting  up  strong  magnetic  fields,  rising  and  fallinir  in  strenffth 
ran  a  verv-  short  period  of  time,  and  thereby  inducing  E.M.F.'s 
if  hiffit  voltage  in  flie  snroundiug  circuits. 

Then  we  also  have  disturbances  in  the  wires  due  to  electrn- 
c  inductinn.    During  a  storm  the  air  can  be  regarded  as  a 
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dielectric  under  strain.  The  clouds  above  are  generally  posi- 
tive and  the  earth  negative.  When  a  discharge  from  above 
takes  place,  the  point  struck  by  lightning  and  the  immediate 
surroundings  alter  their  potential,  due  to  the  sudden  charging 
with  electricity  of  the  opposite  sign.  This  is  at  one  equalised 
again  by  small  currents  of  high  voltage  passing  through  the 
earth,  and  especially  along  circuits  and  pipes  of  lower  resistance. 
These  currents  at  the  time  endanger  the  insulation  of  the 
affected  lines. 

Hoisting  ropes,  battery  plates,  rails,  railings,  etc.,  become 
electrified  in  a  similar  manner  by  electro-static  induction  dur- 
ing a  disruptive  discharge  through  the  air. 

The  writer  has  himself  noticed  heavy  arcing  across  the 
joints  of  a  light  railway  line  during  a  discharge  of  lightning. 
The  flash  went  to  earth  at  least  one-quarter  of  a  mile  away 
from  where  the  writer  was  standing. 

This  redistribution  of  potential  is  often  made  very  appa- 
rent by  the  phenomena  of  sparking  between  the  platinum  wires 
of  switched-oft*  incandescent  lamps,  or  between  the  point*  in 
wall  plugs,  etc.,  during  thunderstorms.  The  switches  for  this 
class  of  apparatus  are  generally  single  pole,  so  one  terminal  of 
the  lamp  or  plug  is  connected  to  a  mile  or  more  of  overhead 
wire  and  the  other  terminal  to  perhaps  ten  yards  of  insulated 
wire  under  roof  between  lamp  (or  plug)  and  switch.  During  a 
disruptive  discharge  in  the  air  there  is  a  sudden  increase  of 
potential  in  the  outside  line  as  against  the  short  wire  on  the 
other  side  of  lamp  or  plug;  which  charge  redistributes  itself  by 
sparking  across  the  lamp  terminals,  and  perhaps  from  there 
breaking  across  the  switch  air-gap  to  other  parts  of  the  supply 
circuit. 

If  the  discharge  were  of  a  lower  voltage  and  longer  dura- 
tion the  lamp  filament  would  be  sufficient  to  take  the  equalising 
current,  but  it  is  characteristic  of  these  static  or  inductive  high 
potential  discharges,  as  it  were,  preferring  to  break  across  a 
quarter  of  an  inch  of  space  instead  of  passing  through  the  lamp 
with  its  very  slight  self-induction  formed  by  one  or  two  wind- 
ings of  filaments.  Probably  a  small  amount  of  current  passes 
through  tlie  lamp  at  the  same  time.  Sometimes  the  lamp  fila- 
inent  is  broken  down;  at  other  times,  again,  the  lamp  is  found 
intact  after  the  discharge  has  taken  place. 

Those  electro-magnetic  or  electro-static  effects  are  fre- 
quently increased  by  a  quick  repetition  of  flashes  along  exactly 
the  same  path  through  the  air,  between  clouds  and  earth.  Such 
successive  flashes  follow  the  same  zig-zags  through  space  as 
made  by  the  first  discharge.  This  is  due  to  the  old  path  of 
heated  air  forming  a  line  of  lower  resistance  for  the  following 
discharges,  which  in  an  infinitely  small  space  of  time  have 
acquired  a  sufficiently  high  potential  from  the  reserves  of  atmo- 
spheric   electricity   still   left    in    the    cloud,   to    overcome    the 
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momentary  low  i-esiatauce  of  tUe  air,  Lliis  all  takmg  place  in 
such  a  short  space  of  time  that  the  spectator  thiiklis  lie  Las  seeu 
uuly  oue  tlush. 

The  above  theory  is  proved  by  large  uumbers  of  lightning 
tliish  phutos.  showing  bands  side  by  side  following  the  same 
xig-KHgs.  In  the  TmuBvaal  the  writer  has  often  been  able  to 
discern  a  repetition  of  dashes  with  the  naked  eye. 

Furliier.  overhead  lines  become  charged  hours  in  advance, 
when  a  storm  is  approaching,  especially  where  the  wires  pass 
over  treeless  ridges  and  down  again  into  low-lying  parts  of  the 
district.  This  silent  charging  of  the  circuits  is  assisted  by  good 
insulation  of  system,  the  whole  forming  the  one  foil  of  a  con- 
denser, earth  being  the  other  foil,  with  uir  and  insulators  as  a 
dielectric. 

Every  now  and  again,  when  the  circuits  are  in  this  condi- 
tion, the  inci'ease  of  potential  manifests  itself  bv  sparking  be- 
tween wires  or  apparatus  and  parts  comieeteil  to  earth,  these 
discharges  often  lii'cakfng  ihrough  two  or  three  inches  nf  air 
to  get  to  earth. 

llefore  discussing  the  means  of  protecting  lines  and  appa- 
ratus, iitlenlion  must  be  drawn  to  another  source  of  danger  to 
the  insulation  of  circuits  and  apparatus — viz,,  electric  surgiugs 
in  cables  or  lines  caused  by  sudden  switching  on  ur  off  of  cables 
and  transformers.  This  phenomena  is  strongest  in  circuits 
with  high  self-induction  and  capacity,  such  as  circuits  supply- 
ing induction  motors  or  transformers  through  long  under- 
ground cables  or  through  overhead  lines  coveiing  large  dis- 
tances. 

The  E.M.F.  of  such  oscillations  may  reach  a  value  of  three 
or  raoi-e  times  the  actual  working  pressure,  so  that  circuits  of 
above-mentioned  description  undergo  a  ainiilar  risk  of  being 
subject  to  breakdowns  in  culilcs  and  appiiratus,  due  to  electric 
surgings,  as  when  affected  by  lightning. 

Cases  of  overhead  lines  being  struck  direct  by  lightning 
are  very  rare,  the  secondary  effects  making  themselves  moiT  felt 
on  account  of  their  frecjuency.  If  overhead  lines,  transformers, 
motors,  etc.,  are  not  connected  with  the  supply  station  during 
stonnSj  the  sparking  over  in  lines  and  apparatus  as  a  rule  does 
not  interfere  with  the  future  working  of  plant,  as  these  dis- 
charges are  penerally  of  a  very  small  amperage,  leaving  only 
slight  signs  of  their  passage.  This  remark,  however,  does  not 
apply  to  underground  cables,  where  the  insulation  becomes 
punctured  bv  the  passage  of  these  minute  currents  and  inay 
break  down  totally  after  the  cables  are  switched  on  again. 

When  a  syteni  is  under  pressure,  the  small  disruptive  dis- 
charges due  to  the  secondary  effects  of  lightning  start  electric 
arcs  fed  by  (he  supply  current,  thereby  causing  serious  burn- 
outs at  the  points  of  discharge.  Fuses  are  no  protection  against 
these  bi-eokdowns.  as  the  damage  is  done  in  the  short  period  of 
time  required  for  the  action  of  the  fuse.     Of  course,  an  arc  is 
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Hif^tH^ntk,  Mt,  ^tt  ft  wer^,  obfftnict  the  pa!«age.  by  means  of  the 
bflfti   ^'U  ifftUw^htu  «ft  %iich  ooil*.  airaiii<t  any  oscSDations  of 

7'hi«i  14  f^nily  HUninf-A  by  placing  spark-gaps  between  tbe 
ynriou«i  trif*r%  arid  *?arth  neaf  th#?  apparatus  to  be  protected,  to- 
i(i'i\ii'f  wtt\$  Hh  i%nituit*'Ut('U\  of  r-hokinjr  coils  between  arrester? 
i%w\  \iiiu*.it*tutt'T^.,  fit:,  Tlic  Kpark'gapH  could  consist  of  any 
r/i'^tal,  ;ifid  have  a  atpacing  jn«t  narrow  enough  to  break  down 
wh<r/i  tifid'T  a  \tr«*M%%xT('.  of,  «ay,  donlilf*  the  working  pressure. 
Hfi/rh  tirtinn(t'ju(*tii  would  efficiently  protect  i>ower  circuits  when 
wifliouf  rinrent  or  preHMuif,  hiit  if  such  arresters  discharge 
iirid^'f  ordiiiJirv  uorkirij^  'ondifions,  fhe  result  is  invariably  a 
niunher  of  ^liorf  ri  re  nits  at  the  spark-gaps,  attended  by  burning 
out  of  jirresfers  arirj  hlowi/ig  of  fnses. 

This  ineirjenf  would  save  fhe  transformer  or  motor,  which 
wifliouf  the  Hpark-gaps  would  have  a  breakdown,  but  the  delay 
and  expefise  caused  by  re-insertion  of  fuses  and  fresh  arresters, 
perhaps  lorrafed  at  a  far-away  part  of  the  plant,  makes  the 
tieeessify  for  irriproveTnejif  seriously  felt. 

The  wrifer  will  now  clisenss  a  few  of  the  best  known  types 
of  iirresfers.  nruj  eridenvonr  fo  exjdain  thoir  action  in  as  few 
words  tiH  iM)ssible. 

The  firsf  jii  resfers  used  on  low  voltage  lighting  or  power 
rirruifs  were  simply  sfijirk-gaps  consisting  of  two  or  more 
ribbed  briisM  pbifes,  willi  au  air-space  of  about  l-64th  in.  be- 
l.weeii  I  he  '/iK-z^g  fdanes  of  fhe  brass  plates.     One  terminal  of 
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the  arrange  HI  ent  was  coimected  witli  one  of  the  circuit  wires, 
the  other  terminal  with  earth.  These  arresters  were  practic- 
ally copies  of  (he  forms  which  wbi-c  used  to  protect  the  tele- 
graph liues.  They  effectually  shut  down  the  plant  and  were 
mni-e  or  iess  burnt  during  any  I huniler storms  in  the  vicinity  of 
the  circuits. 

Then  we  bad  the  disc -arresters  us  suggested  by  Wirt.  The 
arrestei'S  consisted  of  ten  or  more  round  metal  discs  slipped 
orer  au  insulated  bolt  and  separate<l  from  one  another  by  thin 
iheets  of  mica.  The  top  disc  was  connected  with  the  line,  and 
the  bottom  one  wilh  earth.  The  inventor's  idea  was  that  this 
arrester  would  sileiilly  dischnrge  to  earth  any  accumulations  of 
atmospheric  electricity  before  same  had  reached  a  potential 
high  enoujih  to  break  down  the  insulation  of  circuit  by  means 
of  a  disruptive  discharge.  Ifowever,  this  diil  not  allow  for 
sudden  inductive  or  static  effects. 

These  disc-urresters  are  now  quite  obsolete,  us  they  hardly 
offer  any  protection,  and  gencrtilly  become  fused  together  at 
the  edges  of  the  metal  discs. 

For  continuous  current  tramway  circuits  the  Keystone 
Arrester  was  at  one  time  largely  used.  The  arrester  consists 
nf  a  dosed  marble  box  with  two  holes  at  opposite  sides.  Brass 
flaps  are  liindcd  to  the  sides  of  the  box  and  carry  each  a  bent 
carbon  rod.  the  points  of  whicli  form  a  short  spark-gap  inside 
the  box.  One  flap  is  connfcted  to  the  line,  the  other  to  earth. 
On  a  diHruptivc  discharge  taking  place  between  the  cnrbona, 
the  heated  air  formed  by  the  arc  expands,  and  Hows  the  two 
flaps  away  from  the  box,  thereby  considerably  increasing  the 
air-?ap  and  extinguishing  the  arc.  After  this  the  flaps  fall 
back  in  (heir  old  position  and  are  ready  for  the  next  discharge. 

This  type  of  arrester  is  now  seldom  installed,  aa  the  arcs 
often  damage  the  boxes,  and  sometimes  the  arresters  are  com- 
plctoly  burnt  out. 

Aiii'-lirs  witli  spark-gap  mechanically  opened  hy  means  of 
ail  flfi'lro-uiinrni'l  have  often  been  tried,  and  in  ninnv  places 
are  still  in  use. 

Sui'li  arrest T'rH  gunerally  liave  one  loose  spark-gap  elec- 
trode fasteni-rl  In  a  lever  actuated  upon  by  an  cleetro-magnet, 
or  the  i;h-ilr(>ik'  is  fastened  to  a  moveable  iron  core,  which  is 
drawn  inln  u  suh'tinid  upon  pnssnge  of  current  when  a  discharge 
is  taking  place. 

The  magnet  roils  are  generally  connected  between  spark- 
gap  and  earth,  and  in  consequence  of  their  high  self-induction 
often  praclicnllv  obstruct  the  way  for  the  passage  of  oscilla- 
tory diachnrg<'s  of  hiirh  frequency.  This  and  the  risk  of  l,.i<i.- 
outs  by  flics  not  being  extinguished  in  time  have  prevented 
this  tj'ps  "f  arrester  becoming  popular. 

The  writer  has  often  found  these  arresters  with  badly  burnt 
coits  and  paps  after  severe  thunderstorms  when  used  on  -'  s  110 
volts  three-wire  syslems. 
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A  well-known  and  extensively  used  arrester  is  the  Warts 
type. 

Wurts'  arresters  are  built  in  units  for  1,000  volts  each, 
and  consist  of  seven  independent  metal  cylinders  placed  in  a  row 
in  slotted  porcelain  holders,  the  whole  being  mounted  in  a 
water-tight  cast  iron  box,  which  allows  of  installing  the 
arresters  on  pole  cross-arms  without  further  protection. 

The  seven  cylinders  are  spaced  with  a  clearance  of  about 
1-32  in.  from  cylinder  to  cylinder.  The  two  outer  cylinders 
are  connected  to  the  lines  of  different  polarity  and  the  middle 
cylinder  is  joined  to  earth. 

This  gives  a  sparking  distance  of  3  x  1-32  in.  between  cir- 
cuits and  earth  for  every  1,000  volts  line  pressure,  or  500  volts 
line  to  earth  (static  pressure). 

For  higher  pressures  the  number  of  gaps  is  increased  in 
proportion  to  the  voltage.  At  2,000  volts  there  are  six  gaps 
from  line  to  earth,  at  3,000  volts  nine  gaps,  and  so  on. 

The  metal  cylinders  are  composed  of  an   alloy    of   brass, 
zinc,  and  antimon,  of  which  the  makers  claim  that  it  will  not 
sustain  an  arc  or  become  fused  by  the  dynamo  current  after 
taking  a  discharge  to  earth. 

These  arresters  can  only  be  used  on  alternating  current 
circuits,  as  the  arc-extinguishing  action  of  the  arrangement 
depends  mainly  upon  the  tire  dying  out  at  the  moment  the  cur- 
rent is  reversing  its  polaiity,  that  is,  when  passing  through 
zero. 

The  non-annng  of  cylinders  is  probably  more  due  to  the 
cooling  effect  of  the  heavy  metal  parts  than  to  the  special  com- 
position of  tlio  alloy,  as  it  has  been  found  that  other  metals  of 
ample  dimensions  show  a  similar  action. 

When  the  cylinders  become  heated  the  arcs  tend  to  stick, 
with  the  K'siilt  that  the  fuses  blow  during  heavy  lightning  dis- 
charges a(;ross  the  arresters. 

A  2,000  volt  system  protected  by  Wurts'  arresters  would 
have  a  s|)arking  distance  of  6  x  l-'^2  in.,  equal  to  3-16  in.  to 
earth.  About  10,000  virtual  volts  or  14,000  maximum  volts 
would  be  the  minim uni  pressure  at  which  a  discharge  across 
the  gaps  could  take  place.  This  is  under  the  assumption  that 
the  air  is  dry. 

To  socurci  ofHciont  ])rotectiou  with  this  type  of  arrester, 
all  apparatus,  etc.,  must  be  able  to  stand  a  pressure  between 
terminals  and  earth  of  about  4  to  5  times  the  working  pressure, 
whirh  calls  for  very  high  insulation  of  generators,  motors, 
transformers,  etc. 

The  General  Electric  Co.,  of  New  York,  make  a  spark-gap 
arrester  with  rosistaiico  designed  by  Wirt. 

This  arrestei-  consists  of  three  independent  non-arcing 
metal  cylinders,  with  two  spark-gaps  of  3-64  in.  each,  and  a 
special  carbon  rod  of  about  30  ohms,  in  series  with  the  spark- 
gaps.     The  first  cylinder  is  connected  to  one  of  the  line  wires 
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and  tlie  rurbou  witli  earth  wlieii  used  on  a  2,000  volte  circuit. 
The  lesislauce  is  non-inductive. 

Willi    twii    HrreRtorR    on    wires   of   tliffereiil    poliiritv    l-ho 
,     2000  ,         '     . 

current  une  to  urcmg  cannot  excoeti  ^ ~  amp,     In  pracMce, 

however,  il.  is  fniintl  tliitl  the  i:arbous,  wIiIl-H  are  made  of  a. 
mixture  nf  carbon  and  flay  will  not  a]w-ay§  stand  this 
amount  of  current,  but  often  explode  when  a  discharge  across 
(he  traps  of  two  or  more  arresters  takes  place. 

Aaiolher  type  of  arrester,  invented  by  Wurts,  of  the  Wesl- 
inghoiise  Co..  is  the  Type  K  Ari-ester,  for  continuons  current 
circniis  up  to  700  volts. 

The  instniment  is  single  pole,  and  consists  of  two  metal 
electrodes  mounted  upon  a  li^uuni  vitae  block,  flush  with  its 
surface.  Charred  or  carbonised  giooves  are  provided  for  the 
discharge.  A  second  lignum  vitae  block  fits  closely  upon  the 
first  block,  completely  covering  the  grooves  and  eleetroaca. 

The  makers  claim  that  disruptive  discharges  will  pass 
readily  between  the  electrodes  over  the  charred  grooves,  which 
act  simply  as  an  electrical  crack  through  the  air,  providing  an 
easy  path. 

The  lesistance  between  the  electrodes  is  said  to  be  more 
than  50,000  ohms,  and  is  always  in  circuit. 

There  being  no  room  for  vapour  between  the  two  tightly- 
fitting  blocks,  no  ai'c  can  be  formed,  hence  the  makers  claim 
that  the  arrester  is  non-arcing. 

The  arrangement  is  certainly  a  clever  une,  but  parties 
using  this  arrester  are  not  iu  a  position  to  judge  whether  same 
is  effective  or  not,  on  account  of  the  inaccessibility  of  ihe  spark- 
gap.  I'robably  the  instrument  will  take  light  discharges  to 
earth  all  right,  but  the  writer  of  this  has  Ins  doii'.ts  whether 
it  will  handle  heavy  discharges  of  high  amperage. 

A  very  ffood  arrester  for  continuous  current,  probably  the 
best,  is  the  Thomson  Arrester.  This  instrument  consists  of 
two  horn-shaped  copper  electrodes,  forming  a  spark-gap,  ami 
placed  lielween  the  poles  of  a  horaeshim  electro-magnet.  Cine 
electrode  is  connecteil  l»  the  circuit,  the  nihcr  through  the  mag- 
net coil  In  earth.  The  arc  of  the  dynamo  current,  following  a 
disruptive  discbarge,  passes  through  the  electro -magnet  to 
earth,  and  creates  a  strong  magnetic  field,  which  blo«-s  the  arc 
upwards,  thereby  lengthening  and  extinguishing  same. 

In  the  author's  mind  this  is  a  very  good  form  of  arrester, 
althougli  it  has  a  coil  of  high  self-induction. 

By  altering  the  electrodes  so  that  the  spark-gap  length 
could  be  regulated,  the  writer  has  had  very  beneficial  results 
on  2  X  110  volts  three-wire  continuous  current  lighting  sys- 
tems. The  original  gaps  were  too  wide,  and  did  not  give  suffi- 
cient protection  to  the  dynamos,  as  was  proved  by  various  arma- 
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ture  insulation  breakdowns,  before  above-mentioned  alteration 
was  effected. 

Another  well-known  arrester  for  continuous  or  alternating 
current  circuits  is  the  Tank  Arrester,  also  originally  designed 
by  Wurts,  of  the  Westinghouse  Company. 

This  arrester,  which  has  been  extensively  used  on  these 
fields,  consists  of  an  arrangement  of  three  bare  copper  wire 
choking  coils  placed  in  each  main,  earth  connections  branched 
off  between  first  and  second,  second  and  third  coil,  and  between 
third  coil  and  motor  oi  generator,  etc.  These  earth  connec- 
tions are  made  by  means  of  flat  carbons  extending  downwards, 
and  adjustably  supported  over  the  centre  of  one  of  the  three 
tank  compartments,  so  that  the  carbons  are  partly  immersed  in 
the  water.  The  tank  is  of  cherry  wood,  which  is  lined  with 
galvanised  iron,  connected  to  earth. 

During  thunderstorms  the  carbons  have  to  be  connected 
with  the  choking  coils  by  means  of  plugs  or  switches,  and  a 
stream  of  water  kept  flowing  through  the  tank. 

The  direct  connections  to  earth  through  the  water  provide 
relatively  low  resistance  paths  to  earth.  The  opportunities  for 
discharge  are  three-fold,  and  thereby  greatly  lessen  the  pos- 
sibility of  failure  due  to  the  selective  character  of  static  dis- 
charges. 

The  choke  coils  offer  a  high  inductive  resistance  in  the 
direction  of  the  apparatus  to  be  protected,  and  at  the  same 
time  tend  to  force  the  discharges  across  the  low  resistance  paths 
to  earth. 

This  is  a  very  good  arrester  for  low  pressures,  and  when 
always  under  current.  In  practice,  however,  tank  arresters 
are  only  switched  on  during  thunderstorms,  and  are  therefore 
of  no  protection  during  atmospheric  potential  disturbances  in 
fine  weather  when  the  apparatus  is  not  connected  to  earth. 

Tank  arresters  have  been  used  on  circuits  up  to  2,000  volts. 
This,  however,  ran  only  be  called  bad  practice,  as  in  the  first 
place  there  is  a  large  waste  of  current,  especially  if  the  water 
supply  is  muddy  or  contains  acids  or  salts,  and  secondly  there 
is  considerable  risk  to  life  whilst  attending  to  the  arresters. 

Another  disadvantage  is  that  it  may  be  necessary  to  install 
a  considerable  number  of  tank  arresters  on  a  large  power-dis- 
tributing system,  where  long  branch  mains  lead  to  separate 
motors  or  transformers.  This,  besides  being  expensive  in  first 
cost,  entails  special  attendance  in  the  form  of  a  man  walking 
around  the  property  switching  arresters  on  and  off  during  the 
thunderstorm  season. 

Telephone  disturbances  are  also  often  caused  by  tank 
arrester  currents  aftecting  telephone  circuits  in  the  neighbour- 
hood, sometimes  through  induction  and  other  times  through 
current  leakages  from  alternating  current  systems  over  the 
tank  arresters  and  telephone  earths. 
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A  gnod  arrt'ster  for  high  tension  alternating  ciirient  sys- 
tems is  maile  by  Siemens  and  Ualske.  The  arrester  is  the  in- 
vention n(  Olarhlfigei-  and  Sehrottke,  and  consists  of  two  copper 
roils  hent  approximately  to  the  form  of  half  hyperbolas.  The 
vertices  of  the  two  hyperbolas  are  bronght  to  within  a  short 
distance  of  each  other,  the  space  between  them  constituting  the 
sparking  gap.  One  rod  is  t-oniiected  to  the  line  and  ihe  other 
to  earth,  and  the  two  are  supported  on  insnlatora  and  placed  fn 
a  vertical  plane  opposite  to  each  other. 

When  disrnptive  discharges  take  place  aernss  the  gaps  of 
aneaters  of  different  polarity  Ihe  arc  maintained  by  the 
dynairio  current  forms  a  moveable  passage  for  the  current,  and 
is  blown  npwariis  by  the  repellent  niagnetie  action  of  the  cur- 
rent, which  tendency  is  assisted  by  the  beat  effect  of  the  arc. 
During  the  upward  rise  the  arc  is  continunlly  lengthened  uiilrl 
the  Dressnre  of  the  system  is  insnfficient  to  maintain  the  passage 
of  current,  thereby  extinguishing  the  arc.  The  action  is  gener- 
ally so  quick  that  there  is  not  time  for  the  line  fuses  to  be 
blown. 

The  author  has  used  this  type  of  arrester  with  good  results 
on  a  10,000  volt  power  transmission  line.  The  spark-gaps 
were  set  at  I  in.  for  arresters  under  cover,  which  j^aps  bad  to 
he  increased  to  J  in.  for  arrestei-B  placed  outside  on  the  pole 
lilies,  so  as  to  prevent  arcing  of  arrostcrs  being  caused  by  drops 
of  rain  short  circuiting  the  gaps. 

The  abort  spark-gap  makes  this  arrester  very  efficient,  Ihe 
oulv  drawback  Ming  that  occasionally  the  arcs  have  a  tendency 
to  stick  near  the  bottom  of  the  gaps,  thereby  pulling  down  the 
supply  voltage,  and  causing  bouic  <if  the  motors  to  pull  up 
dead. 

This  deficiency  can  be  partly  met  by  using  separate  earth 
connections  of  high  resistance  for  each  line  terminal.  This 
has  at  limes  been  effected  by  using  separate  iron  line  poles  us 
grontul  connections.  Owing  to  the  difference  of  soil  and  the 
quantity  of  water  contained  therein,  this  does  not  always  give 
BatistHctory  results. 

The  author  has  at  times  noticed  arcs  of  small  amperage 
sticking  at  the  bottom  of  the  arrester  horns  after  a  discharge  of 
atmospheric  electricity  lias  taken  place. 

Dr.  Benischke.  of  the  A. E.G.,  Berlin,  has  desigiu-d  an 
arrestei'  wliich  embodies  the  principles  of  the  Siemens  and 
rialske  and  the  Thomson  horn  arresters. 

The  spark-gap  consists  of  two  brass  rods,  the  middle  parts 
lying  in  a  horizontal  plane,  and  the  four  ends  bent  upwards  and 
outward.a.  Fndernealh  the  horns  an  electro-magnet  with 
laminalcd  iron  core  is  placed,  the  magnet  windings  being  so 
connected  that  the  magnet  remains  always  excited  when  the 
mains  are  carrying  current.  This  an-ester  serves  for  alternat- 
ing and  for  continuous  current  circuits. 
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Ill  iiriipDsilioiis  wliert!  veiy  short  epark-gaps  are  required' 
Beuisclike  inserts  rtsHtstaiiceo  cousistiiig  of  glaftH  and  iu<lia- 
rubber  tubes  fiUetl  with  water  and  eotinented  between  spark- 
gaps  aud  a  small  water  tank  to  earth. 

(tdly  a  very  small  current  can  pass  through  the  water  in 
the  tubes  without  causing  uv^rhcaliuR  and  boiling  of  water. 
On  high -prefigure  systems  tlio  current  is  kept  low  by  lengthen- 
ing the  india-rubber  tubes  and  (hereby  increasing  the  resist- 
ance. 

As  this  apparatus  cannot  take  heavy  lightning  dischargee, 
other  born  arresters  with  magnetic  action  have  also  to  be  placed 
in  the  circuits  requiring  protection. 

Besiiies  the  an-estors  already  mentioned  there  are  numer- 
ous other  types,  the  description  of  which  would  make  this 
paper  too  exhaustive:  the  author  has  therefore  only  men- 
tioned the  moat  prominent  forms. 

Lightning  arresters  should  be  placed  about  half  a  rails 
apart  on  long  distance  power  transmission  lines.  In  any  case 
this  spacing  should  not  exceed  one  mile,  if  breakdowns  due  to 
cracking  of  insulators  are  to  be  avoided.  Line  self-inductiiin 
forms  a  great  obstruction  to  oscillatory  discharges  passing  from 
the  middle  of  a  long  line  track  to  the  arresters  placed  at  tW 
two  ends  of  the  wires. 

Some  points  on  long  lines  seem  to  siitTer  more  than  others 
during  I  bunders  terms.  This  is  probably  due  to  the  selective 
character  of  static  discharges,  the  oscillations  forming  stand- 
ing waves  along  the  line  in  a  similar  manner  as  produced  m 
the  vertical  wires  and  coils  of  a  wireless  telegraphy  system. 
The  points  with  the  highest  static  E.M.F.  (that  is  at  the  top 
of  the  E.M.F.  curves)  are  more  endangered  than  the  other  parts 
of  the  circuit,  and  wherever  insulator  breakdowns  due  to 
thunderstorms  have  taken  place,  such  spots  should  he  speciall; 
protected  by  line  arresters,  even  it  arresters  had  been  installed 
two  or  three  poles  away.  In  many  cases  the  latter  arresters 
can  he  removed  to  the  line  pole  on  which  insulator  breakdowns 
are  freqitenl.  without  having  to  provide  another  special  set  of" 
arresters. 

The  ends  of  long  transmission  lines  are  subjected  to  high 
oscillatory  E.M.F.'s,  probably  to  the  highest  static  prcssurdH 
existing  on  any  part  of  the  system  during  Ihiinderatorms,  and 
should  therefore  be  specially  well  protected.  Short  side 
tranches  on  the  circuits  do  not  appear  to  be  affected  so^mueli 
from  the  effects  of  atmospheric  electricity. 

On  long  distance  overhead  alternating  current  syatems  the 
author  uses  an  arrester-combination  of  bia  own,  consisting  of 
a  system  of  choking  roils,  spark-gaps,  and  a  small  non-induc- 
tive water  resiataiire. 

Tor  2,000  vol!  three-phase  circuits,  three  choking  coils  are 
inserted  in  each  of  (he  three  mains  leading  to  the  machine  or 
apparatus  which  refjuirps  to  be  protected. 
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Each  coil  cuiiBists  oi  abuul  10  wiudiuga  uf  ru liber- insulated 
wire,  wound  with  an  iiiterual  diameter  of  6  in. — T  in.  To 
increase  the  Mclf-iudiictioa  of  the  colla  the  wiudingo  are  then 
covei-ed  with  a  layer  of  soft  iron  wire.  No.  16,  18,  or  20, 
S.W.ti..  wound  in  and  out  of  the  coil  around  the  insulated 
copper  wires,  the  spacing:  between  any  two  iron  windings  de- 
pending upon  the  sizu  of  iron  wire  and  upon  the  amount  of 
current  required  hy  the  dynamo,  transformer,  or  motor,  etc., 
installed  at  the  particular  part  of  the  system.  As  a  rule  1-16 
in.  space  betweeu  adjacent  iron  windings  is  ample  for  a  circuit 
taking  10  amperes  at  2,000  volts.  On  low  tension  circuits  leas 
iron  shouiu  be  used.  With  proper  iron  adjustment  there  is  no 
appreciable  loss  or  choking  effect  for  a  low  frequency  (50 
cycles)  working  current,  whereas  the  eoila  offer  considerable 
oDstruction  to  the  passage  of  high  frequency  oscillatory  dis- 
charges into  generators,  motors,  or  transformers. 

Spark-gapa  ore  branched  off  from  the  connection  made  be- 
tween the  first  choking  coil  and  the  outside  line 

On  a  2,000  volt  three-phase  system  2  gaps,  each  1"12  in. 
wide,  are  required  for  each  conductor, 

Fnim  each  of  the  thi-eo  sets  of  double  spark-gaps  a  connec- 
tion is  made  to  a  carbon  9  in.  long  and  ^  in.  thick.  The  three 
carbons  are  5  in.  apart,  and  each  is  immersed  3  in.  in  the  clean 
water  contained  in  an  eight-gallon  iron  tank.  The  tank  body 
18  connected  direct  to  earth,  where  possible,  by  clamping  the 
wire  on  to  a  heavy  water  pipe.  No  supply  or  overflow  piping  is 
required  for  the  tank.  During  the  summer  it  is  sufficient  to 
make  up  the  water  once  every  one  or  two  months,  the  evapora- 
tion being  very  Bmall,  especially  if  the  lank  is  covered  with 
wood  or  other  insulating  material.  Air-holes  should  be 
arranged  for. 

The  insertion  of  this  non-inductive  water- resistance  it- 
duces  the  dynamo  current  arcing  across  two  or  more  sets  of 
arresters  during  thunderstorms  to  10  amperes  and  less.  The 
amperage  can  be  regulated  hy  altering  the  lenirth  of  carbon  in- 
serted in  the  water.  On  circuits  carrying  pressures  above 
2.000  volts  this  is  best  attained  by  slipping  a  glass  tube  over 
the  upper  part  nf  the  carbon  and  making  a  joint  between  the 
lower  end  of  the  tube  and  the  carbon  by  means  of  resin,  shel- 
lac, or  sealing-wnx.  This  arrangement  has  the  ndvantaire 
that, the  amperage  does  not  alter  with  the  heighl  of  the  water 
level,  as  lone  an  this  level  vnrira  only  between  the  top  and  bot- 
tom of  the  glass  tubes. 

When  reducing  the  amperage  of  the  arcs  across  the  spark- 
gaps  down  to  10  amp.  and  less  by  insertine  the  water  resist- 
ance, the  antbor  finds  that  there  Is  no  tendency  for  fhe  arcs, 
maintained  bv  the  generator  current,  to  stick  in  the  spark-gaps, 
and  also  the  small  cnrrent  following  an  afmnsphcric  discliarje 
is  not  sufficient  l.i  blow  the  fuses.  To  attain  this  result  the 
Bpnrk-gaps  sbonJd  not  be  made  smaller  tlinn  mentioned  before. 


ruimil  biaas  cylinders 
It  is  Bol  necessary  that 
n-jircing  oietal.  Tfae 
i:'mg  melul  cylinder* 
Hu  p»i'tB  were  available 
Wlieii  lliesc  cylmders 
ml  bi'itss  pieces  were 
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TLp  spui'k-gaps  can  consist  of  small 
1  in.  in  iliameter  and  about  1  m.  long.  1 
they  are  made  of  any  special  alloy  or  nn 
autbor  has  mude  use  of  Wurts'  nou-ai 
when  making  his  investigatiuus,  as  thes 
from  the  old  arrester  arrangements, 
were  finished  it  was  found  that  smooth 
just  aa  efficient. 

The  eylindei's  are  best  mounted  in  a  row  on  a  base  of 
marble,  porcelain,  or  other  suitable  material,  the  first  cylinder 
being  connected  to  the  line  near  the  choking  coil  and  the  last 
cylinder  to  the  carbon  hmI  terminal  on  the  tank. 

A  good  slrnug  10-giillon  iron  oil  dium  makes  u  very  ser- 
Tiit'iible  tank,  llip  piiilh-wire  being  bolted  or  soUIfred  lo  the 
outside  of  the  drum. 

The  author  has  in  mauy  places  inserted  a  No.  16  S.W.G. 
lead  fuse  wire  between  the  spark-gaps  and  the  carbon.  This 
has  not  in  a  single  instance  been  blown  during  th under stormfl. 

Whilst  testing  these  ari-esters,  by  short-ciicuiling  all 
spurk-gapa  and  having  only  ihe  water  rcsistiiin'CH  in  circuit, 
it  was  noticed  that  when  Ihe  water  became  heiiied  after  a  short 
period  of  time,  small  arcs  formed  between  the  boltoin  part  of 
the  carbon  and  the  fluid,  that  is,  in  the  laver  of  gas  surround- 
ing the  carbou  points.  These  arcs  came  and  disappeared  in 
very  short  anil  regular  intervals,  causing  periodical  interrup- 
tions in  the  circuit.  The  periodicity  of  these  interruptions 
could  be  increased  by  shorlening  Ihe  length  of  carbon  im- 
mersed in  the  water. 

The  above  in  probably  a  phenomenon  of  Ihe  same  kind  aa 
the  Wchnclt  interruptor  effect.  This  would  assist  in  broalc- 
ing  the  arcs  across  the  spark-gaps,  should  thci-e  he  any  slick- 
ing, not  that  any  sunh  fendency  of  arcs  slioitiiig  has  lieen 
noticed,  when  using  this  arrester  combination. 

To  safeguard  the  plant  from  the  effects  of  specially  heavy 
disi'harges  the  author  branches  off  Iwo  more  rows  of  spark-gaps 
from  the  connections  between  the  choking  coils  cm  each  wire. 
On  a  2,000  volt  system  there  are  four  gaps  of  1-^2  in,  each, 
arranged  in  series  between  each  coil  connection  and  a  good 
earlli,  no  water  resistance  being  inserted.  This  also  appUoa  to 
outside  arresters  mounted  on  the  poles  for  prolecfion  of  line 
insulators. 

Figs.  1  and  2.  PL  XXXYIII..  iUustrale  the  method  of  con- 
necting the  two  systems  of  gaps  to  earth. 

In  Fig.  I  the  wires  A. A. A.  are  connected  to  Ihe  overhead 
line,  and  B.B.B  are  for  connecting  to  a  10  k,w.  ihree-phase 
transformer  on  a  1.000  volt  or  500  volt  system.  The  top  row 
of  single  spark-gaps  is  connected  to  earlb  throucli  Ihe  water 
resistance,  The  other  ari'esters  lower  down  eaeli  have  two  gaps 
between  choking  mils  and  earth.  Tn  make  the  wires  more  dis- 
tinet.  the  carib    '■oime^'tions  ai'c   fovere.l    ;it    regular   intervals 
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with  white  iiiHuhiliii^  tape,  the  conductor  leading  to  the  car- 
bons of  the  water- real  stance  abowing  the  spacing  at  double  the 
length  as  compared  with  tht.>  wires  leading  direct  to  earth.  To 
the  right  of  (he  water  receptacle  a  separate  tank-lid  with  the 
three  glasa-covered  carbons  is  shown. 

Fig.  2  shows  part  of  the  interior  of  a  transformer  house  fop 
a  2,000  volt  single-phase  syBtem.  The  double  sets  of  apark- 
gaps  at  the  extreme  left  are  connected  to  the  carbons  in  a  tem- 
porary receptacle  on  the  floor,  there  being  two  gaps  in  each 
connection.  The  other  arresters  have  each  four  gpark-gaps 
between  choking  coil  and  earth.  Only  one  of  the  four  choking 
coils  is  visible,  in  the  top  right-hand  corner  of  the  figure. 

When  arranging  the  central  station,  three  choking  coils 
are  placed  in  each  feeder  wire,  and  two  rows  of  four  gaps  each 
branched  off  to  earth  for  a  2,000  volt  system.  Only  one  Innk 
with  three  carbons  is  required  for  each  voltage  at  the  station. 
Each  carbon  is  connecterl  to  one  of  the  three  switch  board -bus- 
bars through  a  2-gap  arrester. 

On  1,000  and  500  three-phase  systems  the  arresters  con- 
nected to  earth  have  two  spark-gaps  for  each  main,  and  only 
one  gap  for  the  earth  connection  rid  the  water-resistance. 

The  low-tension  lighting  mains  require  each  a  set  of  chok- 
ing coils,  and  the  branches  to  earth  only  one  gap,  1-32  in., 
without  any  insertion  of  water- re  si  stance. 

Sets  or  arresters,  choking  coils,  and  tank  should  also  bfl 
inserted  wliere  underground  cables  are  connected  to  overhead 
mains,  as  otherwise  thp  i^ables,  especially  at  the  points  of  en- 
trance and  exit  of  current,  will  act  as  lightning  arresters,  tak- 
ing away  any  excess  of  static  electricity  in  the  overhead  mains, 
and  thereby  breaking  down  the  underground  cable  to  earth. 

Arresters  with  water- resistance  earth-connection  are  also 
of  value  to  protect  a  purely  underground  system  of  cables  and 
apparatus  of  high  self-induction,  such  as  motors,  transformers, 
etc.,  against  a  sudden  increase  of  potential  due  to  electric 
Burgings  caused  by  switching  on  or  off  circuits  of  high  capacity 
una  self-indut'tion.  Separufe  spark-gap  arresters  with  direct 
earth  connection  are  not  required  in  undergnnind  cable  sys- 
tems having  no  long  overliead  line  extensions. 

The  author  arrived  at  this  combination  of  short  spark- 
gaps  and  water- resistance  as  follows: — The  2,000  volt  portion 
of  the  East  Rand  Proprietary  Mines"  three-phase  sy.stem  was 
originally  protccltd  iigainst  lightning  by  a  combination  of 
ordinary  chokintr  inils  and  Wurts'  non-arcing  arresters.  Six 
spark-gaps,  eadi  l-'VJ  in.,  were  inserted  between  each  main  and 
earth  at  points  where  protection  against  atmospheric  electri- 
city was  required.  This  arrangement  would  rarely  form  a 
passage  to  earth  for  pressures  less  than  about  10.000  virtual 
volts  or  14.000  maximum  volt.i.  The  2,000  voH  transformers 
connected  to  the  system  were  not  built  to  stand  (his  heavy 
strain,  and  in  consequence  one  or  nmre  tmnsformers  were  dam- 
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aged  iu  t'very  thuudeiBloiiu   aeason.       Besides  tliis  the  higit  j 
number  of  gaps  did  not  always  prevent  an  arc  sticking  iu  In* 
aneetera  and  oceasioually  blowing  the  line  fuses. 

To  make  tlie  protection  more  efficient,  iron-wound  chok- 
ing coils  were  then  inserted,  and  the  number  of  spark-gaps  re- 
duced from  six  to  four. 

This  effectively  protected  the  transformers,  and  no  further 
burn-outs  occurred,  but  owing  to  the  reduction  of  gaps  the 
blowing  of  line  fuses  during  thunderstorms  became  very  fre- 
quent indeed. 

The  author  overcame  this  last-mentioned  difficulty  by  in-  I 
serting  a  water- resistance  in  the  earth-connection,  and  then  I 
found  that  the  number  of  gaps  could  be  further  reduced  to  J 
two,  as  mentioned  before,  thereby  decreasing  the  strain  on  ' 
transformers  during  static  disturbances  to  about  4,000  volts,  | 
in  place  of  (be  original  strain  of  about  10,000  volts  (virtual), 
when  having  six  gaps  to  earth. 

The  new  arrester  arrangement  was  installed  on  all  the  cir-  I 
cuits  at  the  East  Rand  Proprietary  Mines  in  the  latter  half  of  I 
1903.       Since  then  the  plant  has  run  through   the  tbnnder- 
storm  season  without  a  stoppage  or  breakdown  of  transformers, 
motors,  or  generators,  from  the  effects  of  lightning. 

Line  earths  are  easily  detected  without  shutting  down  the  ' 
plant  by  short-circniting  one  arrester  gap  by  means  of  a  loose 
piece  of  metal  laid  across,  and  by  bridging  the  other  with  (be 
moistened  end  of  an  otherwise  perfectly  dry  stick.     If  there  is 
no  earth  on  the  mains,  only  a  small  static  spark  across  the  last- 
mentioned  gan  will  be  noticed:  on  the  other  hand,  a  fault  to 
earth  on  one  of  the  mains  will  show  itself  by  a  more  violent 
arc  of  about  10-15  an:p.  across  one  of  the  short-circuited  gaps 
of  any  of  the  two  other  mains,  when  earthed  separately  through 
their   respective   spark-gaps   and   water-resistance.       The  antj 
goes  out  as  soon  as  the  loose  piece  of  metal  across  the  next  gftpl 
is  removed.  1 

Before  concluding  the  author  wishes  to  point  out  that  there 
is  no  danger  to  life  when  handling  the  water- re  si  stance  or  car- 
bons, as  all  this  is  directly  and  always  connected  to  earth, 
There  might  be  a  question  of  risk  during  thunderstorms  when 
discharges  are  passing  over  the  spark-gaps  to  earth:  however, 
no  man  in  his  richt  senses  would  try  to  interfere  with  these  i 
parts  during  a  thunderstorm. 

The  author  trusts  that  these  investigations  will  lead  to  J 
further  improvements  in  the  protection  of  the  large  electrio  1 
power  plants  on  these  fields,  and  provoke  a  healthy  discussion  J 
on  this  important  subject. 
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SECTION    D. 


ACTING  PRESIDENT'S  ADDRESS, 


THE   EDUCATION   OF    EXAMINERS. 

By  E.  B.  Sarqant. 
(Plate8  XXXVIH— XLllL^ 

EXPRESSION  OF  REGRET  THAT   PUKSIDKNT   SIIOUM)   HK   l^NAUItK 

TO  ATTEND. 

The  reason  for  my  occupying  iho  chair  in  thin  Hociion 
of  the  South  African  Association  for  the  AdvunctMUi^nl  tif 
Science  must,  I  think,  be  known  to  niosi  of  you  who  un>  pr«»" 
sent  here  to-day.  I  replace,  all  unworthily,  a  man  who  utantin 
second  to  none  among  the  notable  pionoorn  of  ilohanuonburif ; 
one  as  remarkable  for  the  fertility  and  AoundnnHM  of  bin  intiyr- 
ination  as  for  the  power  of  his  pen;  a  gnMil  iiiduMtrial 
leader,  and  at  the  same  time  a  writer  who  ban  tlotto  iijoiv  to 
make  Englishmen  understand  the  difficult ioH  agaittMt  which  tbo 
industries  of  this  country  have  had  to  Hiruggln  tbitn  iiiiy  living 
man.  From  the  author  of  the  "Transvaal  From  Within*'  you 
would  have  had  a  presidential  address  that  in  iisiOf  wtiiild  bitvo 
sufficed  to  lend  distinction  to  this  meeting. 

But  it  has  been  fated  that,  at  tbe  very  iiinn  wlmn  \\\n 
address  would  have  been  in  course  of  preparaiion,  Sir  P<ir*^v 
Fitzpatrick  should  be  prostrated  by  an  illness  in  the  tmurmj  of 
which  life  itself  has  hung  in  tbe  balaiicMs  and  from  wbifli. 
even  now,  he  is  only  slowly  recovering.  During  ibai  iirni)  of 
suspense,  when  we  all  shared  the  drea<iful  fears  and  anxfi^iy 
that  were  borne,  in  a  measure  of  which  I  bardly  dare  Ut  think, 
by  hi«  noble  and  devoted  wife,  it  was  not  the  brilliant  wriiMf 
or  the  philanthropist  or  the  financier  of  whom  his  friends^  and 
even  hu  many  acquaintances,  chiefly  thought.  It  waii  th« 
Idndlj  htmt^  the  witty  and  humorous,  yet  ever  simple  dinrad^;, 
tb«  aadefatigable  friend,  the  staunch  ally,  that  'was  prtf^umi  Ut 
ihehr  miod^s  eve.  And  now  that  he  has  mp  {silt  recovered  a*  to 
be  abfe  to  receive  communications  from  the  w^irld  bevond  his 
ocX'taMn^  I  think  that  you  would  all  like  me  to  send  a  m^miug^ 
to  tike  pnsAlffni  of  this  section,  telling  him  how  ^orry  we  are 
'^at  la^  if  nm  among  us  to-day.  and  wishing  him  a  qm^k  2iAd 
fuD  J»ei?j«PTiiWT  of  hi.«  powers. 
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subject  uxdell  consideration  applicable  to  all  subjects  in 

section  d. 

The  subject  that  I  have  chosen  for  my  presidential 
address  may  at  first  sight  seem  far  from  inviting.  Yet,  in 
spite  of  the  unusual  title  of  my  paper,  I  undertake  to  say  that 
most  of  you  present  here  to-day  will  follow  the  results  which  I 
shall  lay  before  you  with  ease,  and  will  find  a  growing  interest 
in  certain  ideas  which  cannot  but  prove  novel  to  those  of  you 
who  have  not  before  thought  of  examiners  as  belonging  to  the 
human  race  and  therefore  capable  of  education. 

In  a  sense  we  are  all  examiners.  We  note  and  tabulate 
events  and  their  causes.  We  distribute  mankind  into  ethno- 
logical groups,  or  compare  them  as  industrial  workers.  We 
ascertain  their  wants  and  their  means  of  satisfying  those  wants. 
We  examine  and  record  the  growth  of  custom;  the  physical  and 
mental  development  of  the  human  being;  the  changes  in  the 
mind  itself  and  the  order  of  such  changes;  the  ripening  and 
decay  of  language;  the  distribution  of  wealth;  the  progress  of 
society.  Even  the  laws  of  statistics  are  submitted  to  examina- 
tion. 

Thus,  side  b}-  side  with  the  advance  of  theory  in  connec- 
tion with  all  the  sciences  that  fall  under  this  section  (archae- 
ologv,  education,  mental  science,  philology,  political  economy, 
sociology,  statistics),  goes  the  scrutiny  of  results.  It  is  justifi- 
able, therefore,  to  think  that  an  examination  of  methods  of 
examination  even  in  connection  with  only  one  of  those  sub- 
jects, will  throw  a  light  upon  such  methods  in  general.  I  pro- 
pose to-day  to  consider  that  small  part  of  education  which 
consists  in  the  testing  of  the  results  of  study  by  written  papers. 

(iENERAL  INTEREST  IN  METHODS  OF  EXAMINERS. 

Who  in  this  hall  has  not  at  one  time  or  another  undergone 
the  ordeal  of  an  examination,  and  who,  before  entering  the  ex- 
amination room,  has  not  trembled  at  the  unknown  body  of  in- 
quisitors whom  he  may  never  meet  face  to  face?  Who  has  not 
come  out,  after  some  paper  or  other,  burning  with  indignation 
at  the  tortures  inflicted  by  one  or  more  of  this  savage  rare? 

Is  it  too  much  to  say  that,  if  a  method  were  laid  before 
you,  by  which  it  would  be  possible  to  exhibit  the  weaknesses  of 
the  examiners  themselves  in  as  clear  a  light  as  they  expose 
the  failings  of  others,  everyone  present  would  be  interested  in 
the  unfolding  of  such  a  scheme  of  retaliation? 

The  little  fish  which  lurks  at  the  bottom  of  the  stream, 
waiting  for  its  accustomed  food,  and  obliged  to  deride  in  an 
unnaturally  short  space  of  time  whether  a  juicy  worm  that 
floats  past  it  has,  or  has  not.  a  hook  concealed  within  its  sub- 
stance, might  be  likened  to  the  ordinary  candidate  nibbling  at 
an  apparently  innocent  question  in  his  examination  paper. 
The  angler  with  his  rod  and  line,    patiently    easting   his    bait 
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irom  beliiiiil  a  biisli,  leseinblea  in  some  candidates'  estiniatiou 
that  unseen  foioe,  the  examiner.  Would  not  the  ti'cmUing 
lish,  I  ask  you,  rejoice  if,  in  its  turn,  it  could  insert  a  hook  be- 
In-een  the  iinglei's  jiiwa  and  dangle  him  before  the  public  gaze 
lis  the  unjnat  demlioyer  of  alt  its  watery  happineaa?  Or  if  the 
{iparrow  pursued  by  tin;  bulchur  bird,  and  almost  at  the  point 
I'f  execiilion,  found  means  to  turn  and  rend  its  adversary, 
M-ijuld  lint  its  feelings  be  those  of  the  examinee  enahleit,  ot  a 
sudden,  to  i-hase  Itis  examiner?       Or  should  the  goose  which 

was  already  almost  plucked But,  ladies  and  gentlemen, 

Iheae  similes  are  carrying  me  too  far.  I  will  content  myself 
with  the  assertion  that  examiners  are  not  always  infallible,  and 
lUat  their  infalliliilily  can  be  demonstrated  by  methods  which 
1  am  now  about  to  consider,  and  which  even  a  child  can  use. 
MV  OWN  ArarAiST.iN'CE  wrni  exauixkus. 
You  will  perhaps  wonder  Low  it  is  that  I  have 
taken  such  au  interest  in  the  doings  of  this  gentry. 
The  fact  is  that  I  am  one  of  the  few  persons  who 
has  been  for  a  lengthy  period  in  the  position  of  an 
examiner  of  pxaminers.  In  the  post  which  I  held  in  the 
Civil  Service  Commissiou  for  nearly  fifteen  years,  it  was  my 
fliiily  task  to  consider  the  character  of  the  papers,  set  by  some 
of  the  highest  dignitaries  at  (Oxford  and  Cambridge  and  other 
I'nivcrsities,  to  candidates  for  posts  in  the  Eufftish  Civil  Ser- 
vice. I  had,  moreover,  to  investigate  the  marking  of  the 
written  answers  of  candidates,  and  to  say  whether  the  general 
i-esults  appeared  to  me  to  be  fair  and  trustworthy.  You  need 
not  be  afraid  that  I  shall  reveal  any  prison  secrets.  I  am  not 
able  to  do  so.  The  whole  apparatus  nf  the  examiners'  torture- 
fhamher  is  safely  lodged  williiii  ihe  walla  of  Burlington  House 
and  cannot  he  produced  on  this  oceasi<in.  Had  the  invitation 
to  deliver  this  address  l)een  forthcoming  at  an  earlier  date  I 
might,  indeed,  have  sent  for  the  instruments  which  I  used  on 
many  occasions,  and  have  laid  befoi-e  you  (uf  course  without 
names  or  any  indications  which  could  assist  you  to  detect  the 
unfortunate  culprits)  the  teslimony  of  guilt  which  was  sup- 
plied to  me  by  their  own  examination  results. 

<;ii  vrmrA!,  riiEsKSTATiox  of  examixers"  hestlts. 
Of  course  it  will  he  uudeistood  that  there  are  good  as  well 
as  had  examiners;  and  that,  in  the  remarks  which  I  have  just 
made,  I  am  only  alluding  to  a  certain  small  proportion  of  the 
total  number  of  those  who  have  come  witliin  my  range  of  oh- 
Bervation.  If  the  methods  of  good  examiners  are  compared 
together,  it  will  be  found  that  they  tend  to  uniformity,  and  that 
their  results  have  certain  characteristics  in  common.  Whereas 
the  methods  and  results  of  bad  examiners  differ  from  on© 
another  in  every  conceivable  way. 
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But  how  are  these  results  to  lit;  sliowiif'  It  in  not  possible 
to  obtain  euch  inforiiiation  by  riiniiiiig  the  eve  dowii  the  lotala 
awarded  to  t:audidates  in  the  mark  aheets.  Patient  study  will 
no  doubt  do  something,  hut  wlipi-e  figures  occur  irregularly  it 
18  hard  to  aporuciate  their  import  without  definite  classification. 

I  remember  a  case  in  point.  Oue  of  our  newer  examiners 
had  made  a  ereat  flourish  as  to  his  capacity  for,  and  experience 
in,  adjudicating  on  handwriting.  I  handed  over  to  him  a 
hatch  of  papers  written  by  a  large  number  of  candidates  for 
female  clerkabips  in  the  Post  Office.  Up  to  that  time  he  had 
onlv  examined  men,  and  was  duly  impressed  at  being  asked  to 
mark  the  handwriting  of  the  other  sex.  "  The  work  of  ladies  !  " 
he  exclaimed,  "  then  I  must  do  tbera  more  than  justice."  As 
a  matter  of  fact,  when  he  returned  the  papers,  I  was  convinced 
that  he  had  done  them  ranch  leas  than  justice.  But  the  diffi- 
cultv  was  to  convince  my  Commissioners,  without  asking  them 
to  inspect  a  large  number  of  individual  papers,  that  the  dia- 
tribution  of  marks  was  altogether  wrong.  So  I  drew  a  hori- 
zontal line  on  a  piece  of  paper  and  erected  verticil  lines  at 
equal  distances  along  this  base.  Candidates  who  had  received 
from  nothing  to  ten  marks  were  placed  upon  the  left-hand 
vertical  line  and  represented  by  dofs  at  equal  spaces  apart; 
those  between  II  and  20  upon  the  second,  and  so  on:  the  final 
vertical  being  reserved  for  candidates  between  91  and  100. 

The  result  was  a  figure  of  this  sort  for  100  candidates 
(PI.  XXXVIII.),  showing  thai,  though  the  average  mark  was 
nearly  50,  comparatively  few  candidates  received  an  award  of 
about  that  amount:  many  more,  for  instance,  obtaining  about 
thirty  or  about  eighty.  The  marks  were  rejected,  and  a  new- 
examiner  appointed. 

This  was,  of  course,  a  rough  and  laborious  method.  In  ' 
these  days  of  the  almost  universal  use  of  "  squared  "  paper,  alt 
that  in  required  is  to  find  the  percentages  of  candidates  obtain- 
ing marks  between  the  limits  named,  and  to  mark  them  off  by 
counting  the  squares,  say  five  candidates  to  a  square.  If  the 
maximum  in  the  subject  is  not  100,  then  it  is  only  necessary  to  j 
reduce  the  marks  to  that  scale.  1 

By  joining  the  top  points  nf  the  vortical  lines,  which  wo  I 
call  ordinates.  the  characteristic  curve  of  the  examiner  la  oh-  ; 
tatned;  or,  whnt  is  even  moi-e  Riilisfactorv.   if   black    columns 
are  raised  on  the  bases  0  to  10,  11    lo   20,   etc.,    to   show   th&  \ 
number     of     candidates     within     these     limits     of     marks, 
the  i-esult  ia  a  number  of  slepping-slones,  shown  in  silhouette, 
and  rising  and  fulling  in  general    harmony    with    the   curvp. 
The  area  of  the  black  portion   clearly   lepi-csents    100    candi- 
dates, and  is,  therefore,  always  the  same,  h<iwever  the  candi- 
dates are  distributed.      Thv   hiisc   line   is  called   the   line  ot% 
abKri.iniir.     By  rounding  off  these  steps,  so  as  not  to  intcrfer»l 
with  the  area  nf  each  column,  we  please  fhe  eye  imd  enable  it  | 
to  draw  inferences  with  greater  eiiae.      Il    should  be  nbserifd 
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that  tUe  number  of  cundidates  is  not  giveu  any  longer  by 
heights.  The  method  of  represontatiou  by  areas  will,  howevei, 
only  be  introduced  at  a  later  stage. 

Ari'LICATION    TO   SIMPLE   CASES. 

before  dealing  with  compliL-aled  examiualion  results,  I 
wish  you  to  eonsider  with  me  the  very  simplest  form  of  qiiostioii 
whieh  could  be  proposed  to  candidates,  and,  with  the  aid  of  a 
diagram  such  as  has  just  been  exhibited,  to  fix  in  your  minds 
the  conclusions  at  whieh  we  arrive. 

lu  the  Brst  place  I  will  suppnso  that  an  examiner  asks  a 
hitndi-ed  candidates  a  question  to  which  the  only  reply  is 
"  Yes  "  or  "  No,"  and  I  will  show  the  marks  obtaiiied  for  that 
question  upon  the  diagram  boloi*  you  (not  printed),  which  con- 
sists of  a  square  divided  by  horizontal  and  vertical  Hues  into  a 
hundred  smaller  squares. 

If  the  ([uestion  were  infinitely  easy,  all  the  randidates 
would  answer  the  question  right  and  would  receive  full  marks. 
Each  vertical  apace  representing  five  candidates,  and  each  hori- 
zontal space  ten  marks,  and  100  marks  being  given  for  a  cor- 
rect answer,  you  will  see  that  a  dot  placed  twice  as  high  as  the 
top  of  the  diagram  upon  the  right-hand  bounding  ordinate 
would  represent  the  distribution  of  the  candidates. 

But  now  suppose  that  the  question  were  infinitely  difficult 
instead  of  infinitely  easy.  In  this  case  you  might  think  that 
the  whole  number  of  candidates  would  leave  their  answer- 
papers  blank  and  obtain  nought.  The  dot  representing  their 
performances  would,  then,  be  placed  in  a  similar  position  upou 
the  left-hand  bounding  ordinate. 

That  would,  no  doubt,  be  so,  if  all  the  candidates  were  in- 
finitely conscientious.  But,  should  the  candidates  not  all  be  of 
this  type,  they,  or  their  private  tutors,  might  say  t  "  If  a  ques- 
tion only  requires  the  answer  'Yea'  or  'No.'  it  will  be  best 
to  put  down  one  of  these  two  answers  at  random  on  the  chance 
that  it  may  be  right."  And,  on  the  supposition  that  all  the 
randidatea  were  infinitely  unconscientious,  about  fifty  candi- 
dates would  say  "Yes,"  and  about  fifty  "No."  The  equality 
would  be  necessarily  absolute  if  we  were  considering  an  infi- 
nite number  of  candidates  and  i-educing  to  a  percentage.  We 
shall  have,  therefore,  to  put  two  dots  at  the  two  top  corners  of 
the  diagram. 

In  this  connection  I  am  i-eniJnded  of  a  storv  of  my  school- 
days, which  I  trust  that  you  will  forgive  me  for  interpolating 
here.  One  of  the  masters  had  been  lecturing  to  the  Sixth 
Form  for  some  weeks  on  the  Catiline  Conspiracy,  and  gave 
them  on  examination  paper  to  test  their  knowledge  of  this  por- 
tion of  Uoman  historv.  He  asked  some  such  question  aa  "  Was 
CB-aar  privy  to  the  death  of  Catiline?"  A  humorous  member 
of  the  class  simply  answered  "  No."  Being  dissatisfied  with 
tlic  results  of  the  cxaminalitm,  the  master  told  his  buys  to  read 
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up  the  period  once  more,  and  then  set  another  series  of  ques- 
tions, which  were  altogether  fresh,  except  that  he  a^in  in- 
serted in  the  paper,  "  Was  Caesar  privy  to  the  death  of  Cati- 
line ? ''  The  same  boy  on  this  occasion  answered  "  Yon." 
Sent  up  to  the  liead  master  on  account  of  these  two  monosylla- 
bic and  contradictory  replies,  the  boy  pointed  out  the  absurdity 
of  the  form  of  the  question  and  escaped  with  a  mild  rebuke. 
I  have  little  doubt  that  the  master  who  had  thus  complained 
of  his  outraged  dig^nity  heard  something:  much  more  caustic 
from  his  chief  in  regard  to  his  capacities  as  an  examiner. 

But  let  me  pursue  this  study  of  the  infinitely  unconscien- 
tious candidate  (which  the  one  I  speak  of  was  not)  a  step 
further.  I  will  suppose  that  two  questions  are  set  instead  of 
one.  In  this  case  the  candidates  will  be  divided  into  four  equal 
groups:  those  who  answer  both  questions  right,  those  who 
answer  the  first  question  right  and  the  second  wrong,  those  who 
answer  the  first  question  wrong  and  the  second  right,  and  those 
who  answer  both  questions  wrong.  The  result  is  that  one- 
quarter  of  the  candidates  obtain  no  marks,  one-half  obtain 
half  marks,  and  the  remaining  quarter  full  marks.  This  is 
shown  on  the  diagram  by  three  dots,  of  which  the  middle  one 
is  raised  twice  as  high  from  the  base  as  the  two  extreme  dots. 

With  three  questions  the  relations  between  the  ordinates 
taken  in  order  are  1,  3,  *],  1:  with  four  questions  1,  4,  6,  4,  1: 
and  with  five,  1,  5,  10,  10,  5,  1.  In  each  case  the  ordinates 
are,  in  mathematical  language,  proportional  to  the  coefficients 
in  the  binomial  expansion  of  corresponding  degree. 

You  will  see  that  the  dots  begin  to  form  a  regular  curve, 
but  its  shape  is  not  clearly  marked  in  the  earlier  stages.  By  the 
time  the  number  of  questions  is  as  many  as  five  (PI.  XXXIX.) 
the  cui*\'e  is  not  unlike  the  curves  that  are  produced  by  many 
examiners  who  set  good  questions  and  are  engaged  in  marking 
candidates  who  are  quite  conscientious.  The  remarkable 
thing,  then,  is  that  it  is  possible  for  an  examiner  setting  a  few 
infinitely  difficult  ciuestions  to  infinitely  unconscientious  can- 
didates to  obtain  a  curve  which  will  not  condemn  him  out  of 
hand. 

I  wish,  however,  to  show  you  the  curves  that  he  would 
obtain  if  he  set  ten  or  twenty  such  questions.  You 
will  notice  how  the  likeness  to  a  gendarme's  hat  disappears, 
and  how  much  more  like  a  steeple  the  curve  becomes.  It  may 
safely  be  said  that  the  form  of  curve  we  are  reaching  is  one 
that  should  be  shown  by  no  good  examiner's  results. 

If  the  number  of  questions  were  infinite,  the  curious  result 
is  obtained  that  the  two  portions  of  the  curve  merge  in  the  base 
line  and  in  the  middle  vertical  line,  while  the  area  enclosed 
retains  a  finite  value.  In  fact,  according  to  the  doctrine  of 
probabilities,  all  but  an  infinitesimal  percentage  of  candidates 
must  answer  half  the  questions  right  and  half  wrong,  since  they 
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kuow  iiuthiug  about  any  of  (lipiii,  iind  have  simply  to  say 
■■  Yea  "  or  "  Nn  "  at  roiitloni. 

1  ui!iy,  pt'ihups,  poiut  out  that  it  is  not  nocesaary  to  asBume 
tbat  tliu  qiieHlionB  are  all  infinitely  difficult  in  tliiB  part  of  our 
investigation.  I  havo  dono  so  in  order  to  preserve  the  concep- 
tion, whicii  is  essential  to  my  treatment  of  the  subject,  that 
the  candidates  are  of  all  degrees  of  ability.  But  I  may  still 
retain  this  idea,  and  yet  suppose  the  questions  to  be  of  finite 
difficulty,  if  I  make  an  assumption,  which,  for  the  sake  of  my 
own  safety,  I  hasten  to  add,  is  purely  hypothetical  —  that 
examiners  are  infinitely  foolish.  That  is  to  say,  we  are  to 
suppose  tbat  they  set  questions  which  candidates  can  answer 
moi'e  or  less  rightly  from  (heir  own  knowledge;  but  we  are 
further  to  suppose  thai  the  examiners  themselves  do  not  know 
whether  the  answer  is  right  or  wrong,  and  give  their  award  of 
full  marks  or  nothing  iit  random.  The  type  of  curve  would  then 
be  obviously  the  same  as  that  which  wo  have  just  considered. 

Now,  though  this  supposition  is  absurd,  I  should  like  to 
warn  young  examiners  in  passing  against  the  temptation  of 
setting  questions  for  effect  (i.e.,  to  produce  a  brilliant  examina- 
tion paper  which  they  can  liand  round  to  their  friends) 
without  any  clear  conception  of  what  they  would  be  prepared 
to  accept  as  a  sufficient  answer.  To  defeat  this  wo  used  often  to 
asb  examiners  for  full  solutions  to  their  own  questions. 

There  continued  to  be  a  tradition  in  my  time  at  Cambridge 
that,  in  the  year  in  which  Lord  Kelvin  was  second  wrangler, 
several  of  the  questions  iu  the  Mathematical  Tripos  referred  to 
vast  and  ditiicuft  problems,  the  solution  of  which  he  had  com- 
municated, while  still  an  undergraduate,  to  the  lloyal  Society. 
He  was  tempted  to  treat  these  at  great  length,  and  with  all 
the  newer  developments  which  had  occurred  to  him  since.  His 
more  agile  competilor  for  the  position  of  Senior  Wrangler  had 
BBsimilated  the  bare  results,  as  published  in  the  TrunsactionB  of 
that  Society,  and,  putting  them  down  in  a  brief  form,  obtained 
a  lonper  time  for  the  other  questions,  and  so  secured  the  coveted 
position. 

crnVES   CUARACTERISTIC  OF   VARIOUS    EXAMINERS  AND    SUBJECT.S. 

Now  that  you  are  somewhat  accustomed  to  the  consideration  [>t' 
examiners'  results  in  connection  with  a  diagram,  I  will  introduce 
you  to  various  types  of  curves  characteristic  nf  different  exami- 
ners and  subjects.  It  is  at  this  point  ihat  I  most  regret  the 
absence  of  the  hundreds  of  curves  which  I  have  at  home,  as  1 
am  sure  Ihat  we  should  all  enjoy  discussing  actual  rather  than 
hypothetic.il  results.  However,  my  eye  has  so  long  been  accus- 
tomed to  the  forms  of  these  cun-es  that  their  general  features 
may  be  relied  upon. 

One  of  the  simplest  I'lises  to  consider  is  an  examination  iu 
English  Composition.  As  a  rule  the  examiner  reads  through 
the  candidate's  work,  noting  incidentally  mistakes  in  grammar 


Ar  \r^.uMfr:ixyv^    %nr  it\r  3^!iaiLiri  mr  'i»-  4*M]ac:in>r  sacs  -^ara. 
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v»,.     *^vut     'm     -rirvt     *:ii%     ^t-cti  ot*?^     '!i»»^     uir*     jhdum. 
Ai  *'A^  \n^  *iasr  -r-*  i:*r»*  *...r*i4»t7  'nii2»ui»»^!rsHL  inr:  fic  "ai?  _ 

I^  Vrh  ^K^^M-  ♦iV>*^4,  a-kaif»''T    E^jrll^i  r<»iL>'«iiTi  aa^f 

TJ#^  form  o1  f'lrr^  lu  ♦f.I*  <^v-    FT.  XLL    -•  ^tartlinirlj  ^mlfke 

'rifv<-<    ,f,    Af;U..'/.^'>,      TTu^    fir*t    » PL   XLII-    wt:«  fc  I  pla^-e 
}ft'tot«'  'OK  f'i^T*.  tf,  whHt  -^  k'fiomTi  &<*  a  '*T*-m"  AritLmetic:  that 

of  tJi^r  »j*»j;!ii  r»jU'#,  ;i;j#l  a/^/  ijr»<  v  an^l  rapi'lity  of  r-alf-alation.  bat 
whlf'h   fUf  fiol   fax    th*-   ff'^*^rhiiift  fi'iwf-r*   to  any  considerable 

l/i  all  '  ofiij^t»t,v<-  ^xanjirjati'>ri4  r,f  any  impr»rtanc-^  a 
iiii(\t*'i  jSi it\ijftt't'if  \fi»\r*'r  i*  alvi  v-t.  Thi.«  paper  is  often  "  stiff," 
ft'i\n\t\uu  Mtu:,*'fOU^y  of  ruinJ,  an^l  a  »^/uni|  firra.<^p  of  the  prLnei- 
plen  of  \i\\\iu%t'\\('  lather  tijaii  a^^uratf  or  rapid  eahulation.  for 
ifn  Mf\%i\\tiu.    Tlie  ftf-nt'tii]  form  of  the  eiirve  is  that  which  I  now 

Hhow   (V\,    XLII.;. 

yt('f'\tnu<\  Drawing  al.H/»,  in  the  liands  of  s^^^rae  examiners,  is 
repn'M'iiti'd  hy  ^iirven  ttf  sfx^ial  shap*'.  As  a  general 
rule  th'*  foffii  in  tliin  Hiihject  approximates  to  the  form  of  the 
curve  for  Kn^^linh  Comfionition  or  Handwriting,  since  the  value 
of  flic  df awing  Iuih  to  Ik*  asr^'Hained  by  a  single  effort  of  judg- 
ment. Hut  I  have  known  an  instance  in  which  the  curve 
merged  into  a  liorizontal  Htraight  line  across  the  paper.  It  is 
ifiti^reMiing  to  notice  that  this  result  was  arrived  at  by  a  reaction 
from  the  tendency  to  group  candidates  too  closely.   The  examiner 
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inqiiestidii,  being  iiwai-e  linw  iHtfipiitt  it  was  to  aepiuafe  his  can- 
didates, aditpted  tlie  cuiiisii  of  apifatling  out  the  iliavrings  on  a 
very  large  table,  and  continually  sliifting  their  positinn  until  he 
had  obtained  what  he  considered  thciv  proper  order  of  merit, 
when  lie  gathered  them  up  in  order.  If  (here  were  100  papers, 
he  then  asigned  one  mark  to  the  lowest  in  the  bundle  and  100 
to  the  highest.  It  is  thus  clear  that  he  phieed  leu  eun.Iidatos 
upon  each  ordinate. 

The  other  instance  I  shall  give  is  that  of  Geometrical  Draw- 
ing. You  will  see  that  the  candidates  are  well  spread 
nut  and  that  the  curve  is  much  closer  to  the  form  of  a  gen- 
ilarme's  hat  than  any  I  have  yet  shown  you.  It  may  ho  of 
interest  to  you  to  know  that  Professor  Hele-Shaw,  who  is  at 
present  doing  such  admirable  work  for  the  Transvaal  Technical 
Institute,  used  to  act  occasionally  as  an  examiner  under  the 
Civil  Service  Commissioners  iu  this  subject,  and  that  his  curves 
invariably  tended  to  assume  the  form  before  you. 

MESHMMLAXt'E    OK    CUR^-E    OBTAl.VF.D    BV    BEST    EXAMl-NEltS    TO 
CVKVE  OF  I'ltOBABILITnj.S. 

Yiiu  have  now  seen  a  sufficient  uuml>er  of  curves 
of  different  shapes  to  make  you  understand  the  diffi- 
(mlties  that  presented  themselves  to  rae  as  soon  as 
I  began  to  "plot"  the  results  of  examiners  from  their  mark 
sheets.  Until  this  had  been  done  it  was  impossible  to  analyse  the 
character  of  Ihe  marking,  even  after  hi)ura  of  study  ui  the  mark 
sheets  themselves.  But  as  soon  as  the  graphical  representation 
had  been  arrived  at,  the  whole  matter  was  simpHhed.  It  was 
only  necessary  to  determine  wliether  there  was  any  special  form 
■4)f  cuire,  to  which  tlie  many  varieties  that  have  been  placed 
before  you  oiight  to  lend,  or  whether  each  subject,  and  even  ouch 
examiner,  might  be  properly  reprewented  by  ii  different  cur\'e. 

J  very  soon  became  convinced  ihal  there  wiis  a  tendency 
among  the  best  examiners  in  many  subjects  to  obtain  results 
which  gave  the  graphical  form  that  I  have  shown  you  last, 
namely,  the  gendarme's  hat. 

This  f{jrm  is  one  which  is  recognised  by  mathematiciims  as 
belonging  to  the  so-called  Curve  of  "Errors."  I  can  best  illus- 
trate what  is  meant  by  this  curve  by  supposing  that  some 
person  in  this  room,  experienced  in  the  use  of  fire-arms,  were 
asked  to  fire  shots  at  a  paper  target  on  which  a  vortical  straight 
line  had  been  drawn  as  Ihe  mark  to  I>e  aimed  at.  After  a  large 
number  nf  shols  liad  been  filed,  you  would  find  that  the  holes  in 
the  tuiKcf  were  arranged  in  about  equal  numbei-a  on  either  side 
of  the  line,  and  that  very  few  had  aetnnlly  hit  the  mark.  If  the 
diafanre  of  each  shot  from  the  centre  line  were  measured  and 
entered  on  a  table,  we  sliould  find  so  many  falling  within  one 
inch  of  the  line,  so  many  between  one  inch  and  two 
inrhes.  and  so  on.  The  curves  now  placed  before  von  (PI. 
XLIII)  are  produced  by  showing  the  number  of  shots  falling 
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A  f/»<';m»jf<'  ^f  th^r  a"  ura^  y  of  th*r  rnark*m€*n  i*  obtained  by 
fltunihyt  an  orlinat/-  t/#  ^livirb-  intr»  #-rj'jal  pan>  the  Lalf  area  t«»^ 
ih*'  /i(/ht  '*r  N-ft  of  th^'  rrif'J'l!*-  ^»rr!rr.ate.  and  estimating  the 
iiiHUiiif''  \tt'iwt'*'u  th'*Mf  two  ofdinatf'i. 

Th''  m'hol<-  an-a  und^-r  rr,ii*^id#-rarion  represents  the  total 
nur/iU'r  /if  tihot**,  and  i«*  therffrire  thf*  *anie  in  the  case  of  each 
fffirvc.  p'or  til*'  <»ake  of  *»irnplirity  we  may  suppiise  that  100  shots 
liM;  fired.     It  if*  not  true  that  tliat  niimljer  of  shots  will  in  anv 
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rust-  givL-  till-  fxact  curve.  Wc  slimild  only  obtain  its  precise 
lurm  It.v  firing:  mi  infinite  number  of  shots  and  then  leJucing 
the  whole  to  u  pcrt't-ntage.  IJut  for  the  ^ake  of  simplicity  in  our 
argument  we  will  talk  of  100  ithnts  as  the  number  that  has  been 
fired,  and  say  that  the  area  is  proportional  to  that  number.  We 
see.  then,  that  all  the  arena  enolosed  by  each  of  these  rurves 
respectively  and  the  base  line  nre  eijual.  And  this  gives  lis  a 
way  of  plotting  Huy  one  of  the  seviea  if  a  single  curve  has  been 
drawn.  It  is  only  necessary  to  suppose  the  curve  to  be  stretched 
to  a  cei'tain  extent  in  either  the  hoii/ontal  or  vertical  direction 
and  to  lie  contracted  to  a  proportionate  extent  in  the  other 
direction,  in  order  to  pass  to  another  curve  of  the  series.  In 
fact,  if  one  of  the  curves  were  painted  on  a  stretched  indin- 
lubber  sheet,  nil  the  other  cuiTes  could  be  got  from  it  by 
pulling  the  8he<'t  in  one  diiri'tion  and  slacking  it  off  in  the 
other. 

Another  plan  would  he  to  hcnd  u  loop  of  wire  iuto  the  form 
of  one  of  the  curves,  ami  to  plaie  a  lamp  behind  it  so  as  to  throw 
the  shadow  upon  a  screen.  The  loop  and  lamp  might  easily  be 
made  to  move  in  such  ii  manner  that  the  shadows  in  the 
suci'essivi'  positions  gave  the  whole  series  of  cui-ves. 

Ymi  will  notice  the  points  which  show  the  intersection  of 
iici«hlic.iiiiiLg  ['urvcs  with  one  another.  These  produce,  if 
joined,  wlijit  is  called,  in  malhenialical  language,  the  envelope 
of  the  family  of  curves.  In  this  case  it  is  a  rectangular  hj-per- 
bole. 

r.lNMIIATKS    DlfiTllinUJKU     ABOUT    MK.VS    l'.\NDID.\TES    ACCOnDl.NO 
TO   I..\W  OF   1' 1(011  Anil. TTIES. 

Xiiw,  iMsteail  of  our  performers  with  the  pistol,  let 
us  liikc  the  ease  of  a  series  of  examiners.  As  soon 
H»  1  had  observed  that  the  curves  of  good  examiners  tended  to 
approximate  to  the  curve  of  errors,  I  cast  about  for  the  reason 
of  this  similarilv.  It  is  not  far  to  seek.  If  we  consider  one 
particular  candidutc  as  the  mean  candidate,  that  is  a  candidate 
such  that  there  arc  as  many  alx^ve  him  as  below  him,  we  shall 
see  how  naluial  it  is  thai  the  candidates  should  group  them- 
selves about  this  central  figure  ns  the  pislo!  shots  alMiut  the 
mean  shot.  It  is  clear  Ihat  the  curve  of  the  good  examiner 
dhottld  resemble  the  cuive  of  the  bad  shot.  The  ob.iect  of 
examination  is  to  separate  the  candidates  from  one  another  as 
widely  as  is  p<M'missib1e  under  the  given  conditions,  while  the 
object  of  the  targcf-prBctice  is  to  get  as  many  shots  near  the 
ccniriil  line  as  possible. 

And  here  we  eoiue  to  a  most  important  limitation.  You 
have  alieiidv  noticed  that  the  curves  we  have  been  considering 
never  touch  the  base  line,  that  is  to  say  Ihat.  given  a  sufficient 
number  of  candidates,  there  will  always  Ive  one  or  two  removed 
to  an  extraordinary  degree  from  the  biilk  of  their  fellows.  But 
the  examiner  is  obliged  to  give  marks  within  certain  limits. 
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in  adtlition  an  iuimeust.-  utinibor  of  eanilidates  who  obtaiued 
more  than  full  marks  ami  leas  tban  zero  respectively. 

The  curves  in  llie  two  tj'pes  of  Arithmetic  papers  {PI. 
XLII.)  nre,  iu  the  same  way,  only  uncomplptcd  forms  of 
the  curve  of  errcirs,  ami  may  be  said  tororrect  one  another  when 
the  marks  of  each  raTididate  are  added  to  give  his  total  iu  the 
subiect.  This  is  nol,  however,  esacllif'  true.  If  we  were  con- 
eidering  the  perfect  rurves  of  error  which  only  differed  owing  to 
the  displacement  of  the  whole  figure  in  one  direction  or  the 
olher  about  the  niiddh-  viTtii-nl  line,  the  combined  curve  would 
still  belong  til  the  snnie  familv.  Hut  each  of  these  cnn-es 
becomes  Innuiit.-d  Miid  diMKgure'd  either  at  the  right-  or  left- 
hand  bounding  ordinale.  I  cannot  pursue  this  (jUestton  further, 
but  it  may  introduce  important  liuiilations  iu  regiivd  to  the 
perfect  accnracy  of  the  method. 

Finally,  1  return  to  the  first  form  of  all  (PI.  XXXVIII.) 
which  I  showed  you  llie  fojiii. yon  will  remember,  of  the  exam- 
iner who  wauaiixiouf!  to  do  inoi-l  ihiiii  juHtiee  to  his  lady  exam- 
inees. Its  two  horns  would  suggcut,  in  Ihceaseof  a  pistol  shot,  that 
the  marksmini  hiidaimcdallernately  at  eachof  two  vertical  lines. 
May  not  the  explanation  in  this  case  be  that  the  examiner  forgot 
during  ceilain  perinils  of  hi«  work  that  he  was  marking  the 
handwriting  of  women,  and  tiented  the  papers  then  examined  aa 
severely  as  he  would  have  trpnted  men's  papers?  Then,  remem- 
Ijering  the  fair  ciindidates  willi  which  he  was  dealing,  may  he 
not,  at  other  periods,  have  taken  a  mean  standard  of  writing  of  a 
lower  kind,  sneh  um  he  considered  appropriiite  to  the  sex? 
ArrLiCATinx   of   mis   simiuuiity   ik   poru   of   i  riivF.    ro 

lUPllOVEMK.VT   OK   KXAMIXERs'    UAItKIXC    AMI    I'AI'KHS. 

The  problem  which  presented  itself  at  this  stage 
was  how  to  bring  these  very  different  results  into  simie 
accord.      In    order    to    give    equal    weight    to    various    sub- 
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t'TH  should  have  a  common  standard  to 
lui  iiilf  the  lallei  peri.«l  of  mv  coniiec- 
fnnihiisKion.I  caused  Micha  diagram 
ynii  to  be  printed  on  the  sheet  con- 
porl  of  his  work.  Un  that  diagram, 
I  am  now  indicating. 


resembling  a  moderate-sized  geuilarme's  hat.  If, 
often  happeneil,  the  examiner  hail  1.000  papers  tn  mark,  he  was 
requested  to  go  Onough  a  batch  of  100.  taken  at  hazard,  and  to 
plot  his  curve  upon  the  diagram.  After  a  few  examinations  an 
old  hand  woul.l  piobably  tind  that  his  curve  f..r  the  first  100 
resembled  closely  the  standard  rurve  before  him,  hut  a  fresh 
examiner  might  find  himself  altogether  beside  ihe  mark.  In 
such  a  case  he  was  asked  to  put  aside  the  first  llXt  papcis  and  to 
liegin  marking  the  fresh  papers  on  such  different  lines  as  would, 
in  his  judgment,  produce  an  approximation  to  the  normal  curve. 


484  REroirr— 1904. 

On  the  supposition  that  he  had  achieved  that  result  for  the 
second  100,  and  continued  to  find  that  his  curve  was  pretty  con- 
stant for  the  third  100,  fourth  100  and  so  on,  he  was  asked  at 
the  end  of  all  the  papers  to  re-mark  the  first  100. 

You  might  ims^ine  that  many  examiners  disliked  havings 
to  place  themselves  upon  this  bed  of  Procrustes,  but  in  the  gene- 
rality of  cases  it  was  not  so.  They  positively  took  a  delight  in 
examining  themselves.  The  process  became  one  of  self -educa- 
tion in  marking. 

Before  leaving  this  part  of  my  subject  I  should  like  to^ 
warn  you  that  certain  causes,  which  an  examiner  cannot  always. 
control,  may  make  it  difficult  to  obtain  such  an  ideal  curve  as  I 
have  shown.  It  is  not  possible  for  me  to  enter  fully  into  thia 
part  of  the  subject,  but  I  will  point  out  one  cause  at  least  that 
he  can  control — I  mean  the  examination  paper. 

Good  marking  will  not  compensate  for  a  bad  paper.  Every 
candidate  must  have  his  chance,  in  some  question  or  other. 
Otherwise  the  examinaticm  is  like  a  hurdle  race  in  which  the 
hurdles  are  so  high  that  a  considerable  number  of  candidates 
find  themselves  stopped  from  reaching  the  goal  at  all. 

The  curve,  in  such  a  case,  tends  to  assume  a  shape  of  this 
kind,  mounting  very  rapidly  to  the  zero  line  (PI.  XLI.) — just 
the  curve,  in  fact,  which  we  have  already  seen  in  connection 
with  a  dictation  paper.  In  this  instance  it  is  not  the  marking 
which  is  wrong,  but  the  examination  paper. 

Accordingly,  I  found  in  practice  that  it  was  neccessary  to 
point  out  to  examiners,  before  ever  their  papers  were  proposed 
in  manuscript,  that  they  ought  to  divide  the  questions  roughly 
into  (say)  three  portions,  of  which  one  portion  could  be  an- 
swered by  candidates  of  inferior  power,  a  second  should  be 
within  the  range  of  mediocre  candidates,  and  a  third  only  pos- 
sible to  candidates  who  might  be  classed  as  good  to  excellent. 
The  result  of  these  directions  was  that  examiners  soon  found 
little  difficulty  in  spreading  out  their  candidates  in  the  desired 
way.  In  setting  their  questions  they  had  before  their  eyes  the 
little  gendarme's  hat. 

Among  the  causes,  beyond  the  control  of  the  examiner^ 
which  may  interfere  with  the  formation  of  his  curve,  we  must 
reckon  as  in  the  first  rank:  (1)  such  a  small  number  of  candi- 
dates as  does  not  give  fair  play  to  the  law  of  probabilities:  (2) 
any  selection  of  candidates  by  a  preliminary  examination  or 
other  means. 

With  regard  to  the  causes  just  named,  I  will  only  say  that 

it  has  been  found  that  the  method  can  be  applied  successfully 

en  there  are  not  less  than  one  hundred  candidates,  and  that, 

■^'ow  that  number,  the  curve,  though  irregular  in  forma- 

*«  very  useful  information  as  to  an  examiner's  capa- 

li  regard  to  the  second  cause,  a  great  deal  can  be 

luoe  a  satisfactory  curve  by  setting  such  questions 
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PPLK  ATinN    OF  THE   CIHVK  OF   THOB. 

EXAMINATION  DOOil. 

I  trust  that  1  have  now  fulfilled 
-which  X  sdii'ted,  iiiiiiiely,  to  show  yi 
theiawlveg  may  he  esumincd.  And  nut  only  this,  but  you  will 
uiiderstand  that  it  is  possible  to  educate  examiners  so  as  to 
enable  them  to  form  a  much  more  accurate  and  sustained  judg- 
leut  of  ciuididuleB  I  ban  would  hiive  been  within  their  power 
ilhout  aui.'h  iirclimiuary  guidanru. 

By  dwelling  so  much  upon  this  particular  application  of  ibe 
curve  of  probabilities,  I  trust  Ihat  I  have  not  altogether 
diverted  your  attention  from  tJie  moi-e  general  aspects  of  its 
nsefulnesH.  We  are  most  of  us  very  had  examiners  of  the 
phenomena  that  comes  beffue  us;  bad  judges  of  people,  and  bad 
judges  of  events.  Any  method  that  will  enable  ua  to  find  out 
our  own  deficieuL-ies  in  these  respei-ls  and  to  coirect  them  cannot 
tut  be  of  the  gi'eatest  assistance. 

Who  does  not  know  the  would-be  critic  of  human  nature 
who  is  almost  unable  to  distiDguish  between  moral  qualities, 
and  in  whoso  eyes  actions  are  neither  black  nor  white,  but  of  an 
almost  indistinguishable  grey?  Sucli  an  examiner  of  character 
would  assign  marks  ranging  between  (say)  40  and  GO  to  all 
persons  with  whom  he  had  to  deal,  and  his  curve  would  be  nf 
that  steeple-like  formation  which  we  have  learned  to  distrust. 

Or  again,  there  is  the  man  who  Judges  strongly  of  particu- 
lar deeds,  but  does  not  admit  into  his  view  a  sufficient  number 
to  accurately  gauge  the  chaiacter  of  the  person  under  scrutiny. 
He  resembles  the  had  examiner  who  sets  a  single  question,  to 
which  "Yes"  or  "No"  is  the  only  reply,  and,  in  dealing  with  the 
unconscientious  people  of  this  world,  he  is  liable  to  make  the 
gravest  errors.  With  him  everyone  is  at  one  end  of  the  scah-, 
or  the  other,  and  receives  no  marks  or  one  hundred. 

If  some  of  you  who  are  present  here  to-day  would  take  the 
trouble  to  mark  the  persons  with  whom  you  come 
into  contact  in  such  a  manner  as  I  have  indicated, 
ihe  process  might  reveal  to  you  strange  aberrations 
in  your  judgment  as  stjon  as  you  began  to  reduce 
your  estimated  marks  to  a  curve.  May  I  suggest  that 
such  mark  sheets,  indicating  the  moral  value  of  your  acquaint- 
ances, should  be  destroyed  at  once,  or  that  the  candidates  should 
be  known,  as  in  Civil  Service  examinations,  by  numbers  alone? 

And  the  difference  between  people  is  not  less  profound  in 
their  estimate  of  the  importance  of  events.  There  are  those  who 
think  that  every  occurrence  ia  the  crisis  of  their  lives,  who 
gather  themselves  up  to  clear  the  obstacle  and  who  pant  after  it 
is  past.  There  are  others  who  go  thnnigh  life  without  realising 
b  they  have  had  a  share  in  any  important  event  at  all;  who 
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40,— NATURE  STUDY   FOR  SOUTH   AFRICA. 

I3t  W.  L.   SCLATER. 

Nature  study  is  a  iiamt  recently  t-oined  to  express  a  siibicct 
ii  ieuKhiug  by  no  meaad  now,  but  peiliaps  hitherto  a  goinl  deal 
leglectod. 

The  scope  of  nature  study  comprehends  all  natural  objecte, 
but  more  eapeeially  life,  both  aniniiil  and  vegetable,  The  aim 
)f  it  ia  not  so  much  the  acquirement  of  the  facts  of  natural  his- 
;ory.  as  a  training  in  the  methods  of  open-eyed,  close,  and  accu- 
rate ohseiration  of  natural  objects,  and  in  deducing  from  Bucb 
ibservatiou  causes  and  laws  governing  the  animal  and  vege- 
lable  world. 

This  subject  is  essentially  one  to  be  pursued  out  of  doors, 
ind  the  obsei-valions  should  be  made  as  lar  as  possible  on  the 
ipot  amidst  the  natural  environment  mther  than  in  the  class- 
Toom  or  laboratory,  and  this  perhaps  constitutes  one  of  its  most 
valuable  attributes;  it  is  not  only  a  discipliuc  stimulating  the 
observing  and  reasoning  powers,  but  it  is  a  pastime  which  en- 
courages children  iind  pupils  to  take  an  interest  in  out-of-door 
life  and  in  natural  obje<cts  and  surroundings. 

It  has  always  been  a  source  of  wonder  to  me  thai  so  little 
knowledge  or  interest  seems  to  exist  among  the  people  of  this 
country  in  natural  history.  Ask  any  bov  the  name  of  a  bird, 
it  is  either  a  fink  or  a  spreuw:  ask  him  the  name  of  a  snake,  it 
is  almost  certain  to  be  a  schaapsticker  or  a  night  adder:  these 
are  almost  the  only  names  he  knows,  and  he  applies  them  heed- 
lesslv  to  any  bird  or  snake  met  with. 

In  the  case  of  insects  and  plants  this  ignorance  is  even 
moi-o  striking;  even  birds'  eggs  do  not  seem  to  have  for  him 
anything  like  the  attraction  they  have  for  schoolboys  in 
England. 

The  whole  movement  in  the  matter  of  nature  study  is  per- 
haps in  some  respects  a  protest  against  the  present  methods  of 
teaching  biology,  and  T  must  say  that  I  think  to  a  certain  extent 
the  protest  is  justified. 

As  you  all  know,   the   present   plan   of   teaching   biology 

Originated  with  the  late  Professor   TTuxley,  who   devised   what 

is  ordinarily  known  as  the  "  lype  system  "  lEor  this  purpose.     A 

number  nf  types,  exiimples  of  the  various  groups  of  the  animal 

(1   vegetable    kingdom,'),    are    selected,    commencing    usually 

th  the  lowest  forms  and  gradually  advancing  to  the  highest. 

The  student  is  sat  down  at  a  table  in  a  laboratory,  and  set  to 

examine  these  weveral  types.     I'sunlly  the  first  selected  ts  one 

of  the  simplest  forms  of  animal  life,  "amoeba."       Specimens 

of  this  are  dealt  out  to  him  by  the  demonstrator  from  a  tube 

rhich  has  been  obtained  from  some  dealer,  and  the  commenc- 

ng  student  is  brought  face  to  face  with  all  sorts  nf  problems 

and  fliPories  which  he  has  never  mastered  or  even  heard  of.  and 

«t  the  same  lime  he  has  to  make  his  observations  on  an  animal 
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which  he  has  certainly  never  seen  before,  and-wliich  lie  is  not 
likely  to  see  again  except  in  the  laboratory. 

And  so  it  is  with' most  of  the  other  types  on  wliicli  lie 
works;  they  are  provided  for  him  out  of  a  bottle,  or  broug^ht  to 
him  by  the  laboratory  attendant,  and  he  never  has  an  oppor- 
tunity of  seeing  any  of  them  in  their  natural  conditions  and 
environment.  They  are  either  preserved  or  stained  or  cut  into 
sections  and  mounted  for  microscopic  examination. 

It  is  not,  however,  that  I  wish  to  condemn  the  type  system 
of  teaching  biology  altogether.  It  has  many  admirable  points; 
it  is  definite,  systematic,  and  an  excellent  school  to  accuracy  of 
observation,  as  well  as  training  the  hand  in  neatness,  and  when 
the  course  is  finished  the  student  should  have  obtained  a  very 
good  grasp  of  the  evolution  of  the  animal  and  vegetable  king- 
dom through  all  its  various  modifications  and  complexities; 
but  I  should  like  to  see  superadded  to  the  strict  laboratory 
work  a  certain  amount  of  nature  study,  which  though  less  defi- 
nite and  doubtless  more  difficult  to  teach,  would  tend  to  develop 
ill  the  pupil  a  love  of  nature  and  out-door  study. 

This  is  what  the  modern  morphologist  lacks  as  a  rule.  Un- 
less an  animal  lias  some  bearing  on  an  evolutionary  or  morpho- 
logical problem,  he  takes  but  little  interest  in  it. 

My  special  interest  in  the  subject  of  nature  study  is,  I  fear, 
not  altogether  unselfish.  I  am  not  so  much  thinking  of  the 
training  of  the  pupil  as  of  the  results  which  may  be  achieved 
in  a  country  like  South  Africa. 

In  preparing  my  series  of  hand-books  on  the  fauna  of 
Sou  til  Africa  I  have  been  very  much  struck  by  the  lack  of  know- 
ledge and  of  recorded  observations  in  regard  to  the  mammals 
and  birds  of  South  Africa,  and  it  is  my  hope  that  if  some  sort  of 
course  of  nature  study  were  introduced  into  South  African 
sf'liools  there  would  be  trained  up  a  certain  number  of  men  and 
women  who  would  not  only  become  lovers  of  nature  and  natural 
things,  but  would  be  able  and  willing  to  exercise  their  obsei-va- 
tional  powers  and  to  furtlier  our  scanty  knowledcre  of  the  living 
f-reatures  around  us.  Even  the  observations  of  school  children 
tliemsolves  miirht  be  of  great  interest  and  value  if  accurately 
recorded  by  teachers  and  others. 

This  is  not  the  place,  perhaps,  to  lay  down  a  full  and  com- 
plete programme  or  course  of  nature  study  for  schools,  but 
some  indication  may  be  given  of  the  lines  on  which  school 
children  may  be  trained. 

In  the  case  of  birds  a  great  deal  could  be  added  to  our 
knowledge  of  migration,  which  is  now  exceedingly  incomplete, 
by  noting  the  dates  of  arrival  and  departure  of  various  birds  in 
different  parts  of  Africa.  It  is  a  well-known  fact  that  the 
common  English  swallow  (Tlirundo  rustica)  leaves  Europe  in 
September  and  migrates  south  to  Africa,  so  that  during  our 
summer  months  from  October  to  March  this  bird  is  with  us  here 
in  the  Southern  Hemisphere.     We  know,  however,  very  little 
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about  the  diatribuliuii  of  the  bird  iu  South  Airica;  there  are 
apeoinieiis  in  the  South  AfHi-an  Miisi'um  from  the  neighbour- 
litiod  of  Cape  Town,  obtained  between  November  and  March, 
and  we  have  receully  one  from  Irene,  in  the  Transvaal,  shot  in 
November,  while  the  late  Mr,  Seebohm  observed  that  the  swal- 
lows do  not  leave  Natal  till  April;  beyond  these  few  facts  we 
Jinow  very  little  about  the  times  of  arrival  and  departure  of  thig 
comparatively  nimraon  bird.  Again,  hitherto  no  very  definite 
■evidence  is  forlheoming  that  the  Kuropean  swallow  nests  in 
South  Afriea;  Mr.  Charles  Andersson  slates  that  "  in  some  un- 
civilised parts  of  Africa  these  swallows  affix  their  nests  to 
«ome  projection  nf  a  rock  or  trunk  of  a  tree  or  occupy  cavities  in 
,  rocks  or  banks,"  but  no  other  naturalist  has  yet  confirmed  this 
statement,  and  I  think  it  is  probable  that  Mr.  Andersson  was 
confusing:  the  white-throated  swallow  (Jlirnndo  albigularis) 
with  the  European  species  when  making  this  statement. 

The  while-throated  swallow  arrives  and  departs  with  the 
European  Bwalh>w,  but  never  goes  as  far  north  as  Europe,  in 
faet  its  resorts  in  winter  from  March  to  September  are  un- 
known, ihoujfh  doiibtle.ss  somewhp*^!  Central  Africa.  Dur- 
ing its  stay  here,  however,  h  ^)r<xds,  building  a  nest  under  the 
arch  of  a  bridjfe  or  below  a  ledge  of  rock. 

Tin-  wJiite-throated  swallow  closely  resembles  tlie  Euro- 
pean Ijiri],  bul  is  easily  dislinguished  ty  the  colour  of  its  chin 
and  thi>  lliroiil,  wliidi  is  white  instead  of  chestnut. 

Here  are  the  samples  of  questions  to  be  answered  by  ob- 
servations ranied  out  on  nature  study  lines,  and  which  require 
no  special  scientific  knowledge  for  their  solution,  only  patience 
and  accuracy. 

There  ure  ninny  other  similar  problems  in  South  African 
oMiitliolngy  awaiting  solution,  and  the  instance  mentioned  is 
flnly  to  be  taken  as  a  sample. 

In  regaid  to  ninmmals  again,  the  same  paucity  of  informa- 
tion exists,  "We  know  a  little  about  some  of  the  larger  ante- 
lopes thronicli  ihe  obser^'ulions  of  sportsmen,  but  we  nre  quite 
in  the  dark  about  the  smaller  fry,  such  as  bats,  field-rats, 
slirews,  and  moles;  in  England  and  the  colder  countries,  bats 
and  many  other  small  animals,  as  is  well  known,  hibernate  dur- 
ing the  cold  weatlier,  remaining  in  a  torpid  condilion  until  the 
returning  spring  warms  them  into  life  again.  Are  such  ani- 
mals active  Ilnioicliout  Ihe  year  iu  Snnth  Africa,  or  do  they 
Igo  inio  retirement  during  some  seasons?  In  some  countries 
where  the  summers  are  hfit  and  dry  aestivation  or  a  summer 
dormant  period  pi-evails,  hut  we  do  mil  know  whether  such  is 
the  rase  in  South  Africa  or  not. 

Anotlier  very  interesting  line  of  inriuirv  and  observation  ia 
with  n'gard  to  ihe  life  history  of  the  frogs' and  toads  in  South 
Africa.  Very  little  has  lieen  done  in  this  mailer,  and  it  is  a 
subject  full  nf  interest  and  importance.  The  modificalinn  of 
the  ordinary  tadpole  stage  nnd  of  the  various  conlrivances  by 
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meaus  of  which  the  eggs  or  tadpoles  arc  protected  or  cared  for 
during  the  most  critical  period  of  their  existence  form  a  most 
entrancing  chapter  of  natural  history*;  all  of  which,  as  far  as 
South  Africa  is  concerned,  is  an  absolutely  untrodden  field. 
Again,  patience  and  accurate  observation  are  all  that  are  neces- 
sary to  the  unfolding  of  these  mysteries. 

Among  the  h)wer  animals  I  need  hardly  say  that  there  is  a 
wide  scope  of  observation  open  for  anyone  who  feels  inclined 
to  occupy  liimself  in  this  way.  The  social  habits  as  exemplified 
by  the  wasps  and  bees,  the  ants,  and  the  white  ants  or  termites, 
the  mimicry  habits  of  various  insects  which  resemble  their  sur- 
roundings, or  other  forms  specially  protected  by  nauseous 
taste,  or  special  weapons  of  defence,  the  architectural  habits  of 
spiders  an<l  of  many  insects — all  these  offer  ample  fields  foi 
research. 

There  can  be  no  doubt  that  the  encouraging  of  the  collect - 
iuK  liabit  which  is  so  strongly  ingrained  in  many  people  is  of 
great  help  and  stimulus  to  observation,  although  if  carried  too 
far  it  sometimes  tends  to  mere  acquisitiveness  without  any 
curiosity  or  interest  in  the  objects  collected;  pupils  should 
therefore  be  encouraged  to  collect  systematically  objects  of 
natural  history,  but  c^re  should  be  taken  that  in  all  cases  notes, 
and  if  possible  rough  drawings,  should  be  made  to  accompany 
these,  and  everything  should  be  carefully  labelled  with  all  the 
particulars  of  capture,  such  as  date  and  locality,  and  it  should 
be  clearly  impressed  on  pupils  that  the  object  of  making  collec- 
tions is  not  the  mere  accumulation  of  often  useless  specimens, 
but  to  obtain  a  few  carefully  selected  objects  for  subsequent 
reference  and  study. 

Perhaps  the  formation  of  a  small  school  museum  is  pre- 
ferable to  the  encouragement  of  individual  collecting,  as  in  this 
case  the  selection  or  rejection  of  specimens  rests  with  the 
teacher,  and  the  accumulation  of  mere  lumber  can  be  checked. 

I  should  like  to  recommend  to  anyone  who  proposes  to 
take  up  the  teaching  of  this  subject  a  little  book  recently  pub- 
lished by  Mr.  Krnest  Stenhouse,  entitled  **  An  Introduction  to 
Nature  Study.^'  It  consists  of  a  series  of  lessons,  each  con- 
sisting of  two  parts.  First,  precise  instructions  for  practical 
obsorvutions  nnd  experiments  designed  to  encourage  the  rea- 
soning faculties  of  the  students;  secondly,  a  descriptive  por- 
tion, in  which  the  meaning  and  relation  of  the  results  obtained 
are  discussed :  at  the  end  of  each  chapter  are  a  number  of  addi- 
tional exercises,  either  original  or  taken  from  examination 
papers. 

Tlie  book  is,  of  course,  orepared  for  English  schools,  and 
all  the  examoles  are  taken  from  the  animals  and  plants  com- 
monly found  in  England,  but  I  do  not  think  there  would  he 
much  difficulty  in  adapting  a  good  deal  of  the  matter  for 
South  African  schools.  The  first  half  of  the  book  deals  with 
plant  life,  which  T  have  not  said  anything  about  here,  as  ray 
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studies  have  been  purely  Zoological,  but  wbieli  certainly 
should  form  at  least  half  the  lessons  in  a  course  of  nature 
study.  The  second  half  of  the  book  deals  with  animals,  com- 
mencing with  the  rabbit  and  passing  downwards  in  the  scale 
to  the  crayfish  and  earthworm.  Finally,  the  volume  closes 
with  a  chapter  containing  an  outline  of  a  monthly  nature 
calendar,  indicating  the  principal  animals  and  plants  to  be 
noticed  each  month  in  the  year. 


41.— THE    HANDLING    OF    YOUNG    CHILDREN. 

By  p.  a.  Barnett. 

When  one  approaches  the  question  of  the  handling  of 
young  children,  the  first  thing  that  strikes  one  is  the  assurance 
with  which  people  deliver  themselves  of  opinions.  There  is 
only  one  other  topic,  in  this  country  at  all  events,  on  which 
folk  speak  with  equal  assurance,  and  that  is  on  the  handling 
of  ''  natives."  In  both  cases  people  presume  on  their  scant 
knowledge  of  human  nature ;  in  both  cases  there  is  shown,  with 
lamentable  persistence,  a  lack  of  principle  to  start  from,  and 
of  any  large  or  disinterested  view  of  the  ends  to  be  attained. 
The  most  '*  experienced ''  people  sometimes  betray  the  most 
amazing  ignorance. 

It  is  a  little  difficult  to  say — or  to  see- -what  constitutes  an 
**  expert ''  in  either  area.  You  may  deal  with  children,  and 
you  may  employ  natives,  to  the  end  of  time ;  and  you  may  yet 
be  unable  to  make  the  best  of  them,  or  even  to  turn  them  to 
your  own  best  profit. 

As  to  your  opinions  about  children  and  their  upbringing, 
a  conspicuous  public  or  official  position  is  no  guarantee  of 
sense  and  sobriety.  Some  of  the  most  foolish  and  irresponsible 
chatter  disseminated  in  the  English  world  of  late  has  come  from 
eminent  persons ;  and  some  of  the  most  cruel  and  unwarrantable 
denunciations  of  teaching  and  teachers,  too.  It  is  not  at  all 
uncommon  for  folk  who  have  occupied  high  places  in  which,  if 
they  had  been  honest  and  intelligent,  they  could  have  mended 
glaring  defects  in  educational  machinery  and  practice ;  who  have 
boggled  at  their  work  for  want  of  sense  and  science;  to  turn 
round  on  the  chaos  which  thev  have  increased,  and  declare 
that  the  whole  thing  is  vanity,  and  that  what  is  wanted  is  more 
chaos. 

I  do  not  desire  for  my  part  to  pose  as  an  expert;  but  I 
have  been  asked  to  deal  as  practi('ally  as  possible  with  the 
business  of  handling  young  children.  The  only  grounds  on 
which  I  can  expect  a  hearing  arc  that  I  have  seen  many  experi- 
ments, have  had  some  experience  and  made  some  experiments 
myself,  and  have  watched  all  sorts  of  educators  and  education- 
mongers,  good,  bad,  and  indifferent,  for  many  years. 

This  is  an  association  for  the  advancement  of  science,  but 
I  hope  I  shall  not  have  betrayed  the  Education  Section  when 
1  say  that  I  do  not  know  whether  there  is  a  *^  science "  of 
Education  at  all.  I  know  of  several  splendid  endeavours  to 
place  education  on  a  scientific  basis;  but  none  of  them  seems 
to  me  to  allow  for  the  constantly  changing  bases  of  the  sciences 
on  which  they  are  presumably  built—  metaphysics,  ethics,  psy- 
chology,  physiology,  or  the  compendious  sociology. 
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What,  Itowevei',  is  abundantly  clear  is  tbis:  tbat,  for  tbe 
pracliial  purposes  nf  tbe  working  educator,  a  multitude  of 
applii-ablc  facts  is  constjiiitly  being  supplied  by  the  sciences 
most  deeply  "immersed  in  matter";  by  pbyaiulogy,  especially 
psycho-phyBiology,  by  sotiology,  by  ethics;  and  iu  that  order, 
or  something?  like  it,  of  particularity.  That  is,  the  gtHxl  educa- 
tor must  remember  that  he  deals  primarily  with  theiwdy;  then 
with  thf  bitdy  and  mind  interacting;  then  with  the  body  and 
mind  as  att'ei-ted  by  historical  anil  social  environment;  and 
finally  witli  body  and  mind,  so  constituted,  directed  to  an 
ethical  end. 

When  I  look  at  my  child,  I  say  to  myself;  "You  must 
first  of  all  be  fed  well,  kept  clean,  and  must  develop  healthy 
tisstics;  then,  your  intelligence  shall,  if  I  can  secure  it,  grow 
pace  for  pace  with  your  physical  capacity,  since  I  know  tbat. 
these  tilings  are  inter-dependeut  ;  next,  your  intelligence  and 
bodily  health  gerniiuHic  in,  and  are  conditioned  by,  and  must 
therefore  Icain  to  operate  iu,  tbis  particular  euvironment, 
deterniiueil  by  history  and  social  couditions;  finally,  you  are  not 
only  to  be  a  healthy  and  intelligent  tinimal,  but  are  to  live 
nobly,  to  be  better  than  I  am,  to  do  more  for  the  glory  of  God. 

What  is  true  of  the  single  child  is,  of  course,  true  also, 
in  these  large  respects,  of  children  in  troops  or  classes.  But 
the  very  first  duty  of  the  teacher  or  educator  facing  bis  task 
is  to  note  tbat  each  child  has  his  own  history;  is  not  in  all 
respects  tbe  same  as  any  other  child;  must  be  separately  con- 
aider  ed. 

Here  emerges  what  seems  to  be  Bule  I.  in  the  handling  of 
young  children.  Do  not  force  on  every  child  tbe  same  dis- 
cipline. I  do  not,  of  course,  mean  that  single  children  or 
classes,  if  you  have  classes,  are  not  to  follow  a  routine,  "  taking," 
as  the  cant  goes,  "the  same  subjects";  1  mean  that  you  must 
be  prepared  to  treat  one  child  differently  from  another.  From 
one  you  may  expect  more  than  from  another.  Tommy  will 
shrink  and  wither  under  a  rebuke  of  which  I'olly  takes  no 
account.  Polly  may  become  bewildered  without  loss  of  virtue 
at  a  simple  task  wliich  Tommy  will  accomplish  while  he  ia 
criminally  cracking  a  nut.  Jacobus  will  tell  you  a  fib  in  all 
guileleeaness,  and  merely  as  a  work  of  art  meant  to  evoke  in- 
terest, which  to  Jacoba,  who  has  been  less  fortunate  in  her 
training,  would  smell  of  tbe  holtomtcsa  pit.  A  simpler  illustra- 
tion still:  Tommy  will  work  best  wilh  bis  hands  on  the  table, 
while  Polly — a  rarer  case  to  be  sure — faces  her  difficulties  more 
easily  with  hands  locked  behind  her;  .larobus  likes  his  fat  legs 
apart,  while  Jacoba  loses  nothing  in  mental  concentration  by 
being  made  to  keep  her  heels  together.  The  practical  moral 
for  teachers  is  to  enforce  a  pose  on  little  children  only  rarely; 
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and  then  only  for  a  very  short  spell,  in  order  to  drill  or  "  pull 
them  together."  There  is  no  onholier  sight  in  earth,  heaven, 
or  education  than  a  large  class  of  little  children  kept  quiet  as 
stones  for  more  than  five  minutes.  Mute,  you  may  make  them, 
mute  as  mice,  for  a  longer  period ;  but  it  is  easy  to  prolong  the 
silence  until  it  becomes  unnerving  and  unhealthy.  Children's 
chattering  is  not  always  mere  ebullience.  It  is  positively  a 
necessary  physical  exercise,  and  is  properly  regulated  in  them 
by  encouraging  their  intelligent  questions  and  by  giving  them 
plenty  of  singing.  In  an  excellent  school  for  older  girls  which 
I  once  visited  officially  I  found  that  five  minutes  of  every  sixty 
were  given  to  promiscuous  conversation ;  a  very  sensible  way  of 
letting  oft  steam. 

We  have  been  accustomed,  I  fear,  to  test  order  too  often 
by  silence  and  by  uniformity  of  pose.  Such  silence  and  such 
uniformity  are  useful,  as  other  externally  imposed  constraint  is 
useful,  by  way  of  drill ;  but  mental,  and,  it  may  be  added,  moral 
activity  in  classes  as  in  individuals  implies  much  more  variety 
of  wuscular  expression  than  the  over-anxious  teacher  is  pre- 
pared to  admit. 

I  noticed  once  a  pitiful  case  of  conscientious  stupidity  on 
the  part  of  a  teacher.  Some  seven-year-olds  were  having  an 
** object  lesson"  on  a  pear;  and  the  hands  of  one  little  lass 
stole  up  and  sketched  the  pear  that  was  being  exhibited.  She 
was  pounced  upon,  told  that  she  was  a  naughty  girl,  and  the 
sketch  consigned  with  ignominy  to  fire,  in  order  that  all  traces 
of  a  crime  might  be  obliterated.  The  instinct  of  the  child  was 
right,  and  tlie  energetic  protest  of  the  teacher  was  wrong.  Pro- 
vision should  have  been  made  for  sketching  the  pear,  as, an 
integral  part  of  the  lesson.  An  intellectual  or  moral  operation 
in  young  children,  if  in  no  other  class  of  people,  is  clinched 
only  by  physical  expression. 

It  all  comes  in  the  end  to  this :  that  we  must  use  machinery 
in  such  a  way  that,  without  complicating  and  confusing  class 
routine,  every  child  may  enioy  the  freedom  needed  for  him  to 
express  what  is  in  him.  The  unintelligent  use  of  the  orthodox 
Kindergarten  exercises  may  easily  end  in  mechanical  and 
babyish  waste  of  time;  and  especially  foolish  is  the  with- 
holding of  such  instruction  in  the  simple  ancillary  arts,  reading 
and  drawing  and  writing,  as  enable  even  a  very  young  child  to 
**  amuse  itself,''  as  we  say,  without  our  self-satisfied  interference 
or  mental  ''  strain." 

The  best  thing,  indeed,  that  we  can  teach  children  is  this 
how  to  amuse  themselves;  and  we  cannot  do  it  if  we  either 
laboriously  and  over-anxiously  close  to  them  the  easy  avenues 
of  self-amusement,  or  painfully  formalise  their  play  and  keep 
them  perpetually  under  intrusive  governance.    A  large  part  of 
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Ibe  work  nf  the  teacher  of  little  tliildren  slinulJ  cnnaiat  in 
wateliinB  tliem  do  what  they  like  and  see  what  they  like  with- 
out getting:  into  ime  iinntliir's  way.  Yet  we  rarely  enmc  across 
an  Infant  School  in  wlitdi  tlie  children  nre  aHowed,  even  as  an 
■ocraeinnal  treat,  to  walk  at  their  will  about  the  schoolroom 
and  to  pore  over  the  picluiea  on  the  walls.  As  a  rule,  indeed, 
the  pictures  in  Infant  Schools  are  hung  far  above  the  atght- 
line  of  even  the  gigiintic  teachers,  and  for  all  the  good  they  do 
to  the  chiMren  might  be  in  Ihe  lumber  room.  To  have  the 
pictures  down  once  a  year  for  Ihe  purpose  of  giving  "  lessons  " 
<in  them  makes  things  worse  by  formalising  and  desiccating  all 
"their  associHtions. 

Perhaps,  however,  the  thing  hardest  to  show  to  the  amateur 
*ritic  of  education  is  the  true  nature  of  discipline.  You  may 
^-all  your  procedure  either  bringing-up,  or  teaching,  or  discip- 
line; but  you  teach  a  child  whether  you  will  or  no,  and  you  can 
make  profit  out  nf  hia  teachableness  from  the  cradle. 

The  meaning  of  No  can  be  understood  by  a  baby  a  month 
■old;  and  the  youngest  child  can  profit  by  the  cultivation  of 
regular  habits.  Drsultorinrss  in  the  treatment  of  children  is 
a  deplorable  cruelty.  It  does  not  promote  health,  originality, 
flr  freedom  of  development,  as  lazy  and  ill-informed  people  think, 
■or  affect  to  think;  it  merely  binds  the  children  in  chains  ulti- 
mately unbreakable,  forged  by  their  own  uncombated  moods 
and  recurrent  whimsies.  It  is  a  platitude,  I  know,  to  iterate 
that  we  have  to  teach  children  to  govern  themselves;  but  it  must 
be  repented  until  it  is  believed  and  understood^ — on  the  one 
band  by  the  people  who  think  that  any  constraint  is  bad,  and 
on  the  other  by  those  who  have  no  other  conception  of  educa- 
tion than  as  constraint   invariably  imposed  from  outside. 

I  was  told  to  be  practical,  so  I  will  lie  practical  at  the 
<'\pcnae  of  being  accused  of  carrying  coals  to  Xewcaslle. 

A  child  should  be  taught  to  control  emotion  first  of  all  by 
■oonfrolling  the  erprcisiim  of  emotion;  the  nnchecked  physical 
■expression  of  emotion,  by  reaction,  increases  the  emotion  itself. 
If  a  child  cries,  we  have  to  stop  its  crying;  not  by  shaking  it, 
to  relieve  our  own  nerves;  not  by  hitting  an  offending  object, 
to  relieve  the  child's  nerves;  but  first  by  diverting  its  attention 
and  even  evoking  its  sympathy  with  the  original  cause  of  the 
amotion;  and  ultimately,  when  it  can  reason,  by  convincing  it 
that  it  mil  stop  if  it  will.  All  class  teachers  know  that  every 
now  and  then  emotional  waves  sweep  over  a  mass  of  little 
<'hildren  from  which  they  can  be  saved  only  by  counter-emotion. 
A  whole  class  may  be  unaccountably  "naughty";  there  is 
lolhing  for  it  but  to  rivet  their  attention  on  something  new; 
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ask,  '"  (lid  you  say  that?  You  could  never  have  meant  to  make 
A.  or  B.  unhappy?'*  "One  person/'  says  Stevenson,  "I  have 
to  make  good—  myself.  My  duty  to  my  neighbour  is  to  make 
him  happy—  if  I  may."  Surely  gaiety  and  urbanity  should  be 
cultivated  as  a  duty  to  one's  fellows.  No  teacher  should  use 
sarcasm  as  a  weapon  of  discipline,  and  least  of  all  the  teacher 
of  little  children. 

Here,  per  contra^  is  a  true  storj-  which  should  make  your 
flesh  creep.  A  mother  received  a  complaint  from  her  little  girl 
of  five  that  other  children  would  not  play  with  her.  What 
should  the  mother  have  done?  I  suggest  that  she  should  have 
asked  T17/;/.  If  she  had,  she  would  have  found  material  in  the 
case  for  a  lesson  to  an  only  child  on  the  duty  of  "  getting  on  '^ 
with  other  children  by  the  exercise  of  unselfishness,  and  by  not 
demanding  all  the  best  parts  in  games  or  in  anything  else.  But 
this  is  what  she  actually  said  :  "  Never  mind,  darling.  Come 
and  I  will  read  to  you.  Presently  when  they  want  to  play  with 
you,  you  can  say  "No — won't."  Could  the  woman  have  con- 
trived a  more  certain  device  for  securing  the  future  misery  of 
that  wretclicd  child? 

In  the  handling  of  young  children,  if  the  example  and 
cultivation  of  kindness  comes  first,  the  cultivation  of  honesty 
comes  next. 

By  honesty  I  by  no  means  intend  yon  to  understand  mere 
truthfulness;  I  include  frankness  also,  and  the  scrupulous 
respect  for  other  people's  rights  even  when  the  other  people 
are  not  at  hand  to  enforce  them;  at  which  point  honesty  and 
kindness  mingle  their  streams. 

Tliere  are  very  many  children  who  fib  lightly  just  in  order 
to  be  interesting.  Such  cases  should  not  be  handled  harshly, 
even  before  a  class.  It  should  be  sufficient  to  appeal  to  the 
ever-operative  ideal  of  little  ones,  the  desire  to  be  grown  up. 
The  baby,  you  point  out,  is  not  a  witness  whose  help  is  worth 
much,  since  it  cannot  speak;  tiny  children  can  speak,  but  can- 
not be  relied  upon  for  great  accuracy.  Trustworthy  speech,  on 
the  other  hand,  is  the  mark  of  the  grown-up,  and  it  is  the  best 
proof  of  grown-up-ness  when  speech  can  be  credited,  when 
people  can  depend  and  act  upon  it.  It  is  a  disgrace,  you  must 
urge,  for  a  child Vho  can  behave  as  a  good  grown-up  behaves  to 
prefer  to  be  untrustworthy. 

And  so  far  from  the  narration  of  fictions  being  an  incentive 
to  lying,  it  is  just  one  of  the  best  means  of  prevention.  If  you 
encourage  in  small  children  the  conscious  making-up  of  tales, 
you  provide  them  with  a  touchstone,  a  contrast,  by  which  they 
can  compare  fact  and  unfact.  A  child  who  lacks  imagination 
is  much  more  likely  to  lie  deliberately,  if  awkwardly,  than  a 
child  who  can  discriminate  between  reality  and  make-believe. 
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and  who,  when  engaged  in  make-believe,  fabricates  generously, 
openly,  joyously.  You  should  teach  your  children,  however, 
not  to  blend  fact  with  fiction.  The  blending  of  fact  witb  fiction 
*'  with  intent  to  deceive  "  is  the  only  real  lying.  A  habit  of 
untruthfulness  is  so  much  an  intellectual  defect  that  tBe  in- 
fliction of  a  positive  penalty  is  more  likely  to  do  harm  than 
good.  Displeasure,  unconcealed  sorrow,  the  threatened  loss  of 
confidence — these  alone  are  likely  to  cure  it.  But  only  in  the 
very  last  resort  should  confidence  actually  be  withdrawn;  you 
must  think  many  times  before  you  remove  the  golden  bridge, 
self-respect,  by  which  your  wanderer  will  most  surely  come 
home  again.  And  public  disgrace  should  be  reserved  for  very 
critical  cases  that  admit  no  other  oifectual  alternative. 

I  might  prolong  these  remarks  indefinitely,  but  the  time 
allotted  to  me  has  all  but  gone,  and  I  have  done  enough,  I 
think,  to  prove  what  seem  to  me  the  most  important  facts  deter- 
mining the  up-bringing  of  little  children,  and  to  illustrate  wbat 
would  seem  to  be  the  most  profitable  way  of  dealing  with  them. 
The  mischief  is  not  that  the  facts  are  unknown,  but  that  they 
are  not  intelligently  and  unselfishlj-  faced.  The  basis  of  all  we 
do  must  be  the  manipulation  of  the  child's  physical  constitu- 
tion, the  checking  of  bad  physical  habit  and  the  strengthening 
of  good  habit.  We  must  make  allowances  for  great  variety  of 
type,  allow  as  much  freedom  as  we  can  to  individuals  con- 
sistently with  the  maintenance  of  others'  freedom;  and  we  must 
provide  children  with  the  means  and  opportunity  of  cultivating 
their  own  powers  by  **  amusing  fhcfusclvca/^  This  is  neither 
more  nor  loss  than  to  lead  them  bv  their  own  unconscious  efforts 
to  occupy  themselves,  rationally,  of  their  own  accord,  in  their 
own  improvement. 

And  finally,  in  dealing  with  groups  or  classes  of  children, 
it  should  be  remembered  that  the  multitude  of  witnesses,  the 
aggregation  of  so  much  individual  self-consciousness,  distends 
the  scale  of  a  teacher's  operations,  as  a  magnifying  glass  en- 
larges an  object  placed  under  it.  The  teacher's  acts  and  bear- 
ing become  gigantic  and  immensely  impressive,  seen  on  a  big 
scale,  never-to-be-forgotten. 

That  is  why,  of  all  people  in  the  world,  the  teacher  of  little 
children  must  be  circumspect,  judicial,  urbane,  firm,  merciful. 


The  question  of  the  best  method  of  meeting:  the  cost  at 
constructing  the  many  miles  of  roads  requiring  to  be  made  in 
■Johannesburg,  and  of  laying  sewers  and  storm  water  drains  lias 
not  yet  been  decided,  and  it  may  perhaps  be  of  interest  to  in- 
vestigate the  practi<-e  obtaining  elaewhere  of  imposing  speciai 
assessments  to  vpcotci'  the  expenditure  inviilved. 

A  "  special  assessment "  may  be  defined  as  a  cfimpulsory 
contribution,  levied  in  proportion  to  the  special  benefits  derived, 
to  defray  the  cost  of  a  specific  improvement  to  property  under- 
laken  in  the  public  interest. 

It  may  be  aa  well  to  any  at  the  outset  thai  the  nse  of  spe- 
cial asaessmcnts  in  much  mure  general  in  the  Vniled  States  of 
America  thau  elacwhere,  due  partly  to  the  fact  that  in  other 
countries  a  considerable  proportion  of  improvemcntB,  such  as 
street  construction  and  sewerage,  is  carried  out  by  the  owners 
of  the  land,  while  in  America  such  improvements  are  made  by 
the  municipality.  Johannesburg  is  in  the  same  position  as  the 
United  States  cities  in  this  respect. 

In  England  the  principle  was  adopted  as  early  as  the  loth 
<?Bntury,  when  commissions  were  appointed  to  secure  the  con- 
struction or  repair  of  "  walls,  ditcliea,  gutters,  sewers,  bridges, 
causeys,  wears  and  trenches."  and  to  apportion  the  work,  or  the 
expenses  of  the  whole,  upon  all  whose  landed  interests  received 
benefit  therefrom.  In  1662  an  Act  was  passed  authorising  the 
widening  of  certain  streets  in  Weslminaier,  and  providing  for 
the  cost  to  be  defrayed  by  voluntary  subs<riptions.  If  the  sub- 
aorintions  did  not  prove  sufficient,  the  commissioners  to  lay  out 
the  streets  were  authorised  to  charge  the  owners  of  the  property 
in  proportion  to  the  Ijenefits  received. 

Five  years  later,  in  1G6T.  an  Act  was  passed  to  regulate  the 
rebuilding  of  London  after  the  great  fire,  and  the  Corporation 
was  empowei-ed  In  appoint  certain  persons  "  to  impose  any  rea- 
sonable tax  upon  all  houses  within  the  said  city  in  proportion 
to  the  benefit  they  chall  receive  thereby,  for  and  towards  the 
new  making    ....     the  said  sewers  and  pavements." 

Section  150  of  the  Public  Health  Act  of  18T5,  allows  loeal 
authorities  to  pave  and  sewer,  etc.,  streets  in  default  of  ownets 
and  to  recover  the  expenses  of  doing  so  according  to  the  front- 
ages of  the  premises  abutting  on  the  streets. 

Section  10  of  the  Private  Street  Wruks  Act  1892,  allows 
the  urban  autlmrity  to  take  into  consideration  tlie  greater  or 
less  degree  of  bcnrfii  derived  by  any  premises  from  the  works 
instead  of  tying  them  down  to  the  fiKit  front  method  of  appor- 
tionment. 

As  regards  large  improvement  schemes  involving  the 
acquisition  and  dciuolitiini  of  property  and  the  opening  of  new 
thoroughfares  or  widening  of  old  ones,  the  London  County 
Council  have  Iteen  successful  in  obtaining  parliamentary-  sane- 
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hv  I'l^^^I  an'Lont:*^,  ^LoriI»I  *pe*^ially  •»ntiTl>ine  to  tke 
f'ff^x  of  th^  ii]t*pr»'V*rttif'n.t,  i*  not  in  itself  anjast.  and 
♦n^'h  fj^TM^n*  ^-aii  ^^aitably  be  re»qiiiretl  to  do  so," 

Ti;^  Towf-r  Bn»I^  'S»atL.^m  appiriac-b'  Bill  of  18^  be- 
f-^Tu^  law  in   l^^l-x  arid  anthoriieil  the  levying  *^  an  improTe- 

Sulr^^lfif-ut  I>»ridon  Improvment  A'^t*  aathorise  improTe- 
TOf-fit  f  harff^-^  in  fhf-  r-a.-**^  of  the  widening  of  ibe  Strand  and 
of  Tott^-nliam  fV.nrt  Rr>a<}.  the  Holbom  to  Strand  new  street 

and  tL^-  W#-*trfufi*f^r  injprov«>nient.  et^. 

In  \fff\i  f'ajK-town  an*l  Durban  the  Mimii  ipaliiies  are  em- 
^wv-r'-ri  tr»  iltfray  th^  r-«»-»T.  of  parmjr  and  sewerinier  new  streets 
>y  jiif-Hti^  fii  *j^-^'ial  a^V'S'-ni^nt'*  «^»n  the-  owTi»-rs  <»f  the  land 
aYKMjndin^  r,r  ahuttjit^  r»n  ?iu  ii  >trf^t>. 

Iij  ¥r'Atif('  fljf*  prinr-iplf'  of  5p«^r-ial  a^:?e>>ments  has  been 
Tf'COitul^'A  hv  tli>-  LA'ftl^^atUTf.  hut  has  re«-eiv€Ml  little  applica- 
tion. 

Ill  I'r  ii«^ia  a  law  of  l?Sfi*5  not  only  permits  but  directs  local 
atjtlioriti*.*  tr>  inipo-»#'  fee?*  and  special  assessments  in  cases 
wh*'U-  t}if  lr»<al  art  ion  results  in  a  special  measurable  benefit  to 
i\tf'  i fid i vidua). 

In  iVljriuin  thr*  cxfK-nrM^*?;  of  street  eonstruetion  are  de- 
frayed fiy  ^\}4'iin]  a-^'^en-^nients  and  the  principle  has  been  ex- 
tended to  include  the  cf>Ht  of  constructing  c»r  enlarging  foot- 
way*, pavf-nicntH.  viewers,  and  also  the  cost  of  sweeping,  sprink- 
ling and  repairing  streets.  The  system  seems  to  have  been 
inoie  fully  developed  in  Belgium  than  in  any  other  country  in 
Kijn>pe. 

'I  lie  system  of  special  assessments  was  introduced  in  New 
York  at  i\u'  end  of  tlie  17th  eentury,  the  first  law  being  based 
on  the  English  Act  of  1G67  above  mentioned,  and  has  since  been 
almoHt  universally  adopted  in  the  I'nited  States.     Its  applica- 
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lion  is  wide,  aa  may  be  judged  from  the  followinir  liBt :  — 
opening,  laying  out.  grttdiiig,  paving,  and  repaving  streete — 
street  watering,  lighting,  and  lieu  planting— I'lmstiiieting 
ilrains  and  wjwers— liiying  oondnitH  ana  water  pipes — laying 
iiut  ami  developing  publir  parks,  §qimrea,  ami  drives,  etc.  In 
the  above  rases  spoeial  assossments  are  empleyed  to  recover 
«tillpr  Ihe  ivliiile  of  the  eiwt  or  u  part  of  it. 

The  following  table  .hows  the  re.'eipts  of  T.S.  cities  hav- 
ing a  populntion  over  l.'id.OIIU  in  15)00  fnnn  the  property  tax, 
from  sperial  assessnienls.  ami  in  total,  and  will  give  some  idea 
•if  lln;  impurtiiiifp  of  the  sy.sleiii  as  a  soiiree  of  revenue.' 


'T.'" 

T'lWl. 

Wk    ' 

New  York     

•£U,fll3,0S4 

£682,344 

•£■20,861,677 

3,437,202 

■ChkMO         

PhiUaelplim 

2.8S»,\ta 

Mfl.-.'as 

;i,37a,54H 

1.69»(.373 

S.M2,9e7 

3.27.'i,a53 

1.1»3.«B7 

St.Loi>i>t       

1,313,866 

38.793 

'2.314,802 

n7S,-23M 

Bcsion 

3.ai2,i:4 

7n.462 

6,090. 1 7» 

B60.81K 

Briliniorf      

l,138,(Mi2 

l(^535 

l.ftSS,386 

3(I8,BS7 

■Clovctaml       

712,ttB8 

133.M4 

l.274.32fl 

3X1,768 

BaHalo 

987,433 

l4e,Sfll 

l,9l.%l») 

3.V2,387 

Bin  FrancLw. 

■1,254,937 

•1,727.774 

342,783 

CinciniwM 

77IJ2I 

1,397.103 

32.%wa 

PilW>iir« 

1.00S.,'i3l 

«M,a3l 

1,850,213 

321.Bie 

New  Oi-lesm. 

«9.1,2flH 

89], 6M 

•287,104 

Dttroit 

734. 4(W 

W,440 

1.13M,131 

■285,704 

fflW,4S4 

114.0(13 

8llll..m3 

283,315 

WwUington      . 

wu.oee 

20,IKi1 

H.M7.I36 

■278,7 1« 

Ni-wsrk 

6^.488 

71.888 

1.21(1,141 

24(l,(r70 

Jei^ej-.-. 

615.244 

47.268 

(»98,ae3 

200,433 

i>4.t7Kll 

15.7111 

731.280 

204.731 

Minr.«poIU    . 

481,531 

M4.6-.'7 

(lftll.tl80 

202,718 

«n,n5i 

lL',37il 

H74.491 

173.3«7 

27.'i,«ll3 

MK-i:i5 

40.1.1  W 

I(l»,ltt4 

.1011,1124 

iB9.ma 

1(K).752 

JUl.  Psiil 

'j«7.i»2a 

ivi.niw 

?,m.-ie» 

1(i3.063 

Rochwler 

4I1H.63II 

H17.4!M 

102,608 

•  Itii-hiitins  State  Tax. 

t  Including  £fi'f!,4!i5apfttoiitinteii  from  funds  of  U.S.  Treninrv. 
We  find,  therefore,  that  special  assessment  a  arc  of  com- 
paratively modern  development,  and  that  (heir  application  is 
widor  in  the  C.S.  (ban  elsewhere,  In  England  and  in  France 
thev  have  iieen  liltlc  used.  In  the  ciise  of  Kngland,  at  all 
fvents.  the  fact  that  the  streets  are  made  by  the  owners  of  the 
land  iicioTdils  in  great  measui-e  for  special  assessments  not 
Viiig  brotipbl  prominently  under  nolice.  In  I'masia  and  in 
Helirrnm  their  iiilrodnct.ion  is  (piite  recent. 

Turning  to  (iie  theory  of  special  assessments,  it  is  nccepleil 
that   if  the  local   authority  incur  espenditnn'  on.  say,  laying 

.tof 


^tir  i,  new  <rxHi»r,  oie  rv^^iiur  'if  wiutMi  m  uO  .Tii'Ty— r  i:^  vaLw  «f 
»  9fkrru*tiiar  auii^  if  LsixuL  ^2le  ^mrhnrrcy  aiAj  iw  nwiniiltfy  tmH 
'ipna  'im  aw^*^  <if  ^lLLi»  Lsuui  'n  'iefray.  ni  wiuust  *vr  fn.  pvtL  C&e- 
#*/wir  atf  'iLiit  .mpcnvaMiieiir.  Tie  -iwner  »  THitmilkBtfly  jpBKniJTy 
li^Tierir4»«i  an  ^  n^^HUX  •>€  mL»  ioef^ial  *iii£L&y  by  cii«»  numnKfpaEcy^ 
aiut  'ax^nnii  ^'^nrriin^^  'ti  hi«ii»iir  may  prpwaiy  lie  rcaortBii  cml 

Tru*  prunnpui  »)f  '»nQxriiniriiia  Ji  raii*  .r;Me  •!£  tsdroAzy 
m.iui^*ipfti.  rar*  :j»  aiir  heiu^trr  biir  <UMiiry  ai  pay-  Iil  ti£*  eaoe^ 
An  par'irjiiar  .iifii^tiiaL  j»  ou^atHixality  jiut  ^$pe«iiaLLy  aeofiheti — 
any  hi^netir  riiar  iu^  may  r«*trttLv»*  '^nmieff  r*i  i-m  irutiifeiitalLy  Ji»  a 
aumih#*r  ^^f  ^lu*  •*naijiiii2i:ry. 

Th,^  h^iieri*4  of  p^^mH^ai  mTziit^ipaL  ^!ciiia  «!axtziiit  ht  meA- 
-lar*^  '.  lan'^^Ari-ret^  Bt  oaT.zi^  in*  rase  -ii*?  bL»irriifciar  <6i«ts> 
ftivc  (>»ir  MiAHt^-  from  'iu^  uxtal  aarin^nrr  a  'tetrn  't«*  amoiiiLC  of  a^f- 
7*a^;^Jr»^  la  •at*-  •nkm**-  "Jtat^  *;♦  ai*  may  pncr^aaae  inme  f^ifam^nditj 
ikt  a  "tiirtp  If,  a#>w»*^v«*r.  "iij^  miai^'ipaliry  p«tr6>cm:*  rmiiie  jpe- 
^ial  ^^arr^X'p'  f^r  aa  ia«i:T>inaI  rfi»»^r%  L*  elo  r^a*ML  wky  tk*  fccneral 
Ivrii^H  of  raf^^pa^^^r*  ♦iifiaifi  pay  f*>r  it.     ht  fa•^r.  jtisgic^  ajbdl  lope 

p^n/f  it  iir*»r  laTotT**fi. 

TK»=r  pr^^Wem  o^  ^TLfAtni^l  inM^r^nutikr.  l*  aLj»>  t*>  a  lar^  ex- 

f^ttt  y>l7«rid  Wt  ck^  *p*^ial  aiw«!^«mt»^iit  *yKem-     Dr.  R#3iiewaier. 

in  hi:*  ^#r/r,ii:  r,<i  ^p^'iai  Ju*vh»irL#MLt*.  4ay** :  — 

".>p^<:a!    a-Hifrwm^rat    fm.  i^pabteffly    traiijt*>nns    a    rertaim 
pHLft.  oi  t&fr  <riiKaa<^:trmeELt  of  IaiL«i  valnier^  from  aA  on- 
f^TTifT^i  iri/^r^meaf  into  an  eanie«i  in^^reBeiit.     It  docs 
thi.^  at  tbf>  r^rv  tim^  that    the    henefit    ariseak    tk«» 
^rf,\fViTif^  f-vfriy-  taint  of  confijeation  of  TesJted  iBterests. 
Throa^h  it  may  hfr  *e<^-are4    th«r   'Kief   a*iTanta^e«   of 
^K<f-  sippropr.ation  of  tK#f  fntuir-   iiG«i-am<?»i  Lncreiiient. 
vi'rKo'ir    rf^^rroyine    rL*^    healthfol    ^ctimolos    arisinr 
from  fh*-  priv^ite  ownership  of  lan»le<i  pn>pertT.     The 
total  mr-r^-a^^  i-*  ^Idom  appropriat*?*!.  biit  only  so  rnnoh 
a«t  14  r^piir^l  to  rlf-fray  that  shar^  of  the  cost  of  the 
lfHriif'u]HT  improvfirif-nt  which  may  represent  the  spe- 
f'liil  }itf'Ti(-fit  (Jtulf-iTf^iX.     We  have  here  no  uncharitable 
iK'srrnrljfin^  of  all  ri«»e  in  value  doe  to  conditions  other 
^)tHu  ^\ifrM'  f'Tcatff]  by  the  party  who  reaps  the  advan- 
ta^<-.       All   that  is  demanded  is  that  when  a  person 
f^'f-HTf'^  an  f'nrir-hmf-nt  to  his  estate,  and  the  expense,  if 
ri^>t  }K>riif  bv  him,  must  be  borne  by  someone — in  this 
ifiMarK'^  the  tax-payinif  public — he  shall  make  com- 
p#;riMation  therefor.       This  is  the  true  equitable  prin- 
ciple.    The  contributor  pays  not  alone  because  he  ob- 
tains a  benefit  but  iK'cause  that  benefit  is  joined  to  an 
f'WfCu^f  the  burden  of  which    finds    a    fitter    resiinir- 
place  iip<in   his  shoulders  than  upon  the  shoulders  of 
others  not  syiecially  benefited/' 


•  '•Sperial   AiwmmentH,"  by  Victor   Ro^ewater,  Ph.D„  2nd  eA,  New  York 
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Prof.  Seliffman  atateat  that  in  tbe  U.S.  the  betieimeiit 
piinciple  has  long  been  firmly  rooted  in  the  revenue  system; 
and  aithongh  there  may  be  piirlicular  rases  in  which  it  has  not 
worked  well,  the  evidence  of  experience  and  the  popular  ver- 
dict as  to  the  methods  employed  are  overwhelmingly  in  its 
favour.  On  the  Coiilineiit  of  Europe  the  system  is  now  fast 
spreading  because  of  the  growing  importance  of  municipal 
finance  and  of  the  more  careful  analysis  of  its  underlying 
principles. 

Special  assessments,  like  fees,  are  not  taxes  in  the  ordinary 
or  narrower  sense  of  the  term.  Taxes  are  compulsory  contri- 
butions levied  to  meet  expenditure  incurred  in  the  interest  of 
the  community,  no  regard  lieing  had  to  special  advantages 
which  the  ratepayer  may  receive.  In  special  assessments,  as 
in  fees,  however,  the  services  for  which  expenditure  is  incurred 
result  in  the  individual  reaping  some  particular  benefit.  "The 
primary  test  of  a  tas  is  that  it  imposes  a  common  burden — the 

Erimary  test  of  a  special  assessment  is  that  it  implies  a  special 
pntfit."  This  is  tlie  main  distinction  bclween  a  special  assess- 
ment and  a  tax.  and  the  others  arising  from  it  may  be  sum- 
niarised  as  follows*  :   - 

1.  lu  a  special  assessment  the  special  benefit  to  the  indi- 
Tidiia)  is  measurable.  In  a  tax  the  special  benefit  does  not 
exist,  or,  if  it  exists  at  all,  it  is  an  incidental  result  of  the  share 
of  the  individual  in  the  common  benefit,  and  is  not  separately 
measurable. 

It  is  further  important  to  distinguish  between  a  special 
assessment  and  a  special  rale.  A  special  rate  is  assessed  for  tbe 
paroose  of  some  special  work  undertaken  by  the  municipality, 
and  is  levied  on  a  defined  section  of  the  inliiibitants^c./;.,  the 
Poor  Itate  and  tlie  Lighting  Itnte.  Such  rates  are  assessed  on 
what  is  taken  tn  be  the  "  means  "  of  the  ratepayer,  to  whom  no 
special  and  measurable  benefit  accrues.  In  the  special  assess- 
nient.  however,  the  individual  benefit  is  capable  of  measure- 
ment, and  forms  the  basis  of  tbe  assessment. 

2.  Taxes  may  be  proport.ional  to  property  or  to  inoome. 
or  to  Slime  other  test  of  faculty,  or  they  may  be  progressive 
rather  than  proportional.  .'Special  assessments  can  never  be 
pnigi-essive,  hut  must  always  be  proportional  to  benefits.  In 
tbe  special  assessment  there  must  Ix-  compensation.  In  tbe  tax 
there  is  nu  (|Ueation  of  compensation. 

3.  Special  assessments  are  confined  to  specific  local  ini- 
proremenls,  while  taxes  are  not  so  limited. 

4.  The  local  authority,  in  the  case  of  a  special  assessnient. 
performs  some  special  act  in  return,  while  in  the  case  of  a  tax 
it  does  not  bind  itself  to  do  a  particular  thing  for  the  particular 
individual  in  return. 

t  "Essayx  on  Taxsaon,"  Ity  R.  R.  A.  SeliKiiian,  Bml  ed..  Ktw  York.  I««T 
pa«»357, 

■  See  "  Ewiajrn  on  TitxNtion." 


504  Report— 1904. 

5.  Taxation  is  employed  to  meet  the  maintenance  and 
sinking  fund  charges,  whereas  special  assessments  are  used  to 
provide  capital. 

Special  assessments,  therefore,  are  not  taxes.  Thev  differ 
from  taxes  in  the  same  way  as  fees  do,  since  both  fees  and  spe- 
cial assessments  rest  on  the  doctrine  of  equivalents.  Fees  and 
special  assessments,  however,  differ  in  some  respects:  — 

1.  Special  assessments  are  levied  only  for  specific  local 
improvements — fees  may  be  levied  for  any  services. 

2.  Special  assessments  are  paid  once  and  for  all — fees 
periodically.  The  fact  that  special  assessments  may  be  paid 
in  instalments  does  not  affect  this  difference. 

3.  Fees  are  levied  on  the  individual  as  such,  whereas  spe- 
cial assessments  are  levied  on  the  individual  as  a  member  of  a 
class,  for  there  must  be  an  assessment  area  over  which  assess- 
ment is  distributed. 

4.  Special  assessment  must  always  involve  a  lienefit  to 
real  estate,  while  fees  are  paid  for  seixices  which  may  benefit 
other  elements. 

The  real  difficulty  in  special  assessments  lies  in  the  details 
<»f  execution. 

In  America  it  has  been  found  that  abuses,  springing  from 
two  sources,  entered  into  the  administraticm  of  the  system. 

On  the  one  hand,  the  popular  eagerness  for  prematui*e  pub- 
lic improvements  and  consequent  negligence  of  public  officials 
result  in  gross  inequalities  in  the  apportionment  of  the  bur- 
<lens  and  excessive  impositions  on  the  propeiiy  owner. 

On  the  other  hand,  the  vesting  of  the  property  owner  with 
the  sole  power  of  initiation  enables  obstructionists  to  prevent 
tlio  execution  of  needed  public  works  and  to  evade  payment  of 
asscKsnients  after  the  benefits  have  accrued. 

Recent  legislation  in  America  has  sought  to  devise  ma- 
chinery to  avoid  these  abuses,  and  the  Omaha  Municipal  I>aw 
of  1897,  for  example,  endeavours  to  render  the  system  more 
elastic  by  laying  down  the  cases  in  which  a  petition  from  ad- 
joining owners  is  necessary  before  the  local  authority  can  act. 
An  arbitrary  area  of  about  three-fifths  of  a  mile  radius  from 
the  couit-lHKise  square  is  fixed,  and  within  this  area  the  muni- 
cipality may  order  paving  and  other  street  improvements  irre- 
spective of  the  wishes  of  the  owners  to  be  assessed.  Beyond 
these  limits  the  Council  may  do  original  paving  unless  the 
owners  object,  but  they  may  not  repave  unless  the  frontagers 
petition. 

In  nearly  every  case  of  street  improvement  the  munici- 
pality is  benefited  to  a  greater  or  less  extent,  hence  in  some 
American  cities  provision  is  made  for  the  local  authority  pay- 
ing part  of  the  cost,  one  practice  being  to  defray  the  cost  of 
paving  the  street  intersections. 
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The  argument  of  practical  expediency,  as  well  as  that  of 
equity,  requires  that  special  assessments  should  be  resorted  to 
in  the  case  of  Johannesburg. 

The  municipality  has  become  responsible  for  the  mainten- 
ance of  several  hundreds  of  miles  of  streets,  practically  all  of 
which  require  to  be  constructed  as  well.  So  far  as  operations 
have  gone,  it  has  been  a  rare  exception  to  find  a  substantial 
foundation  on  which  a  new  surface  can  be  laid.  In  England 
the  municipalities  do  not  assume  the  responsibility  of  main- 
taining streets  until  they  have  been  satisfactorily  paved^ 
sewered,  and  lighted.  The  owners  have  not  borne  the  exx)en8e 
of  paving  and  sewering  the  streets  in  Johannesburg,  and  it  is 
contended  that  they  may  fairly  be  called  upon  to  do  so. 

Johannesburg  has  grown,  and  in  all  probability  will  con- 
tinue to  grow,  with  abnormal  rapidity,  and  it  is  impossible  for 
the  borrowing  capacity  of  the  town  to  keep  pace  with  its  re- 
quirements. Either,  therefore,  those  improvements  so  urgently 
needed  must  wait,  or  some  other  means  than  borrowing  must  be 
resorted  to  in  order  to  raise  the  money  required.  It  is  esti- 
mated that  about  £2,500,000  will  be  required  to  construct  the 
roads,  and  about  £2,000,000  for  sewering  the  town,  a  total  of 
about  £4,500,000. 

It  must  not  be  forgotten  either  that  the  interest  and  sink- 
ing fund  charges  on  a  loan  of  4^  million  pounds  at  4  per  cent, 
would  involve  an  annual  payment  of  £260,235  in  order  to  repay 
the  amount  in  30  years,  and  that  at  the  end  of  this  period  a 
total  of  £7,807,050  would  have  been  paid  for  the  loan. 

If  the  special  assessment  system  were  adopted,  a  small 
loan  only  would  be  required  to  start  with,  and  the  special 
assessment  payments  coming  in  would  enable  the  work  to  be 
continued  without  further  borrowing. 

It  is  undesirable  to  impose  too  heavy  a  liability  on  pro- 
perty owners,  and  hence  it  is  suggested  that  special  assessments 
should  be  limited  to  construction  and  not*  to  maintenance,  the 
town  assuming  tlie  responsibility  for  the  latter. 

The  nature  of  improvements  for  which  special  assessments 
may  be  levied  will  also  require  to  be  laid  down,  but  at  present 
we  are  immediately  ronrerned  with  roads,  sewers,  and  storm 
water  drainapre,  and  for  these  special  assessments  may  fairly  be 
resorted  to. 

As  regards  the  basis  of  assessment,  it  is  obviously  desir- 
able not  to  tie  down  the  apportionment  to  the  foot-front  sys- 
tem, and  to  jrive  as  much  elasticity  as  possible.  The  foot-front 
system,  if  laid  down  as  a  hard  and  fast  rule,  would  mean  that 
a  shallow  property  with  a  long  frontage  would  nay  too  much 
and  a  deep  property  with  a  short  frontage  too  little.  It  is  sug- 
gested, therefore,  that  the  municipality  should  be  empowered 
to  take  into  consideration  the  greater  or  less  degree  of  benefit 
derived  by  any  premises  from  the  works  undertaken,  and  to 
include   any   premises  not   adjoining   the   street   but    derivinc 
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lieuefit  from  tlie  improvement,  in  addition  to  the  power  to  ap- 
portion on  the  foot-front  method.  This  would  enable  excep- 
tiouul  cases  to  be  judged  on  llieir  merits. 

The  muuicipaUty  should  also  have  power  to  pay  a  share 
gf  the  cost  of  constructing  streets.  It  is  obvious  that  the  town 
as  a  whole  is  benelited  by  the  constnictioii  of  wide  streets  in 
the  central  portion  of  the  town  and  in  the  main  suburban 
thoroughfures,  and  the  frontagei-s  would  naturally  object  to 
pay  the  cost  of  streets  which  were  wider  and  better  finished 
than  their  individual  wants  required.  The  definition  of  a  cen- 
tral area  within  which  the  municipality  would  contribute 
would  out  meet  the  case  of  the  main  suburban  roads.  It  is 
suggesled,  therefore,  that  the  amount  of  the  contribution,  if 
any.  should  be  left  to  the  municipality  to  determine  in  each 
particular  case. 

In  the  case  of  sewers,  it  would  be  preferable  to  assess  the 
cost  of  each  area  as  sewered  on  the  property  owners  and  not 
to  deal  with  individual  streets,  owing  to  the  fact  that  some 
streets  would  have  a  main  sewer  laid  in  them,  which  would  be 
of  no  greater  advantage  to  the  owners  than  one  of  a  smaller 
size.  The  outfall  sewer  and  outfall  works  are  of  general  in- 
terest, and  should  be  paid  for  out  of  the  general  funds. 

With  regard  to  the  question  of  whether  improvements  are 
only  to  I»e  made  after  petition  from  a  majority  of  the  front- 
agers concerned  or  whether  the  municipality  may  initiate  such 
schemes  irrespective  of  the  views  of  those  interested,  the  best 
method  would  appear  to  be  to  place  the  power  in  the  hands  of 
the  local  authority,  the  frontagers  having  the  right  to  place 
any  objections  they  may  have  before  that  body.  If  the  owners 
are  alone  allowed  to  take  the  initiative  the  door  is  opened  to 
obstruction.  There  is,  of  course,  the  possibility  that  by  giving 
the  municipality  the  right  to  make  improvements  without 
petition  premature  works  may  be  undertaken  and  the  owners 
subjecfed  to  unnecessary  burdens,  but  the  municipal  legislation 
of  the  Transvaal  has  been  framed  on  the  basis  of  giving  large 
powers  to  local  authorities  and  to  trust  them  to  exercise  those 
powers  wisely.  There  is  little  reason  to  believe  that  this  trust 
IB  misplaced  and  that  the  powers  will  be  misused, 

A  suggested  procedure  is  that  plans,  estimates  and  provi- 
sional apportionments  should  be  prepared  b.y  the  Town  En- 
gineer and  a  notice  published  that  these  documents  may  he  in- 
spected and  objectioua  lodged.  Any  objections  should  be  con- 
sidered by  a  special  committee  and  the  decision  of  the  Coun- 
cil arrived  at  on  this  committee's  report,  objectors  being  given 
the  right  of  appeal  to  the  Resident  Magistrate,  whose  decision 
should  be  final. 

Owners  should  be  allowed  to  either  make  their  payment 
in  a  lump  sum  or  to  spread  them  over  a  i>eriod  of,  say,  three 
years,  with  interest  at,  say,  6  per  cent. 


^ 
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The  approximate  amount  of  spej^ial  assessments  for  a 
household  of  five  persons,  with  a  60  ft.  frontage,  has  been  cal- 
culated at  £49  158.  6d.,  made  up  as  follows :  -^ 

*Road  Construction 

Footwalks 

J\.tjx  Lid  •••  •••  •••  • 

xj  U  V  v\3  XD  •••  •••  •••  • 

oe  wers         •••  •••  •••  • 

Storm  water  Drains 


£8  10 

0 

5  13 

0 

6    7 

6 

4    5 

0 

10    0 

0 

15    0 

0 

£49  15 

6 

*  This  amount  is  based  on  the  cheapest  class  of  road. 

It  must  be  remembered  that  in  most  eases  the  charges  for 
roads,  sewers,  and  drains  would  not  be  all  payable  at  the  same 
time,  and  that  the  total  would,  therefore,  be  probably  spread 
over  considerably  more  than  three  years.  In  any  case,  the 
amount  is  a  small  one  when  the  benefit  of  the  improvements  is 
taken  into  account. 

Finally,  to  quote  Dr.  Rosewater*  : — "With  few  excep- 
tions and  abuses  it  (the  system  of  special  assessments)  has  oper- 
ated in  the  United  States  to  the  general  satisfaction  of  all. 
It  rests  upon  principles  of  right  and  justice.  It 
brings  quick  results  at  the  very  time  when  needed.  It  dis- 
courages tlie  speculative  holding  of  unimproved  urban  pro- 
perty. Its  introduction,  like  that  of  every  new  plan  for  rais- 
ing revenue,  may,  in  places  where  other  methods  have  long  pre- 
vailed, involve  conflicting  considerations  of  expediency.  But 
for  young  and  rapidly  growing  municipalities,  the  system  of 
special  assessments  is  undoubtedly  the  best,  the  most  practic- 
able, the  most  .iust." 

*  Op.  cit.,  p.  149. 
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By  l-\  1>.  Mknseli,,  F.G.S., 

From  the  earliest  times  that  EuropeaiiB  bave  had  Inter- 
coiii-se  with  Sdtith  Africa  vague  rcpuits  have  been  current  of 
uyslui'ions  stnictui-es  regrarding  which  the  natives  had  no  tradi- 
tiuns  uud  as  to  whose  chnracteristics,  even,  no  reliable  informa- 
tinu*^was  for  long  to  bo  obtained.  The  first  accounts  were  those 
which  Arab  traders  gave  to  the  Portuguese.  They  stated,  in 
the  words  of  tiie  biatorian  De  Barros,  that  amongst  the  mines  of 
the  country  of  Monomotapa  was  a  "fortress  of  masonry  within 
aud  without,  built  of  stones  of  marvellous  size,  and  there 
appears  to  be  no  mortar  joining  them.  The  wall  is  more  than 
twenty  spans  in  width,  and  the  height  is  not  so  great,  consider- 
ing the  width.  Above  the  door  of  this  edifice  is  an  inscription 
which  some  Xloorish  merchants,  learned  men,  who  went  thither 
could  not  read,  neither  could  they  tell  what  the  character  might 
be.  This  edifice  is  almost  surrounded  by  hills,  upon  which  are 
others  resembling  it  in  the  fashioning  of  the  stone  and  the 
absence  of  mortar,  and  one  of  them  is  a  tower  more  than  12 
fatliiims  high."  This  account  is  the  first  published  of  Zimbabwe, 
and  is  evidently  taken  from  a  very  fairly  accurate  description  of 
the  famous  ruins.  Se^-eral  discrepancies  are  certainly  intro- 
duced, but  they  are  just  such  as  would  naturally  occur  in 
relating  from  nieniory  what  was  heard  some  time  before.  A 
good  deal  of  confusion  has  been  caused  by  the  description  of 
several  other  Zimbabwea,  and  by  the  application  of  (he  name  to 
the  kraals  of  various  powerful  chiefs.  In  this  case  the  name  !s 
not  used  at  all,  but  the  locality  is  given  as  a  hundred  and 
seventy  leagues  or  thei-eaboiits  due  west  of  .Sofala,  and  between 
20  ami  21  degrees  south  latitude,  so  that  there  is  no  doubt  that 
Zimbabwe  is  really  meant,  ijuite  apart  from  the  description.  I 
desire  to  emphasise  this  point,  because  of  the  uncertainly  I 
previously  rspressed  in  my  account  of  the  Zimbabwe  ruins,  an 
uncertainty  speedily  removed  by  perusing  the  translations  of 
original  documents  now  made  available  in  the  "Records  of 
South-East  Africa,"  issued  by  the  Cape  Government.  Numerous 
references  are  made  to  ruins  near  the  court  of  the  paramount 
chief  of  the  munlry,  "Monomotapa"  or  "Manibo,"  which  was 
obviously  in  the  Maxoe  district,  and  of  which  the  Portuguesi- 
writers  rould  speak  from  personal  knowledge.  The  only  other 
reference,  however,  among  the  early  writers,  to  Zimbabwe  itself 
which  is  not  amerecopy  of  tlieabovementioned  statement  is  that 
of  Father  Monclaro.  who  accompanied  Barreto's  expedition  in 
1572.  He  says:  "There  is  also  another  kingdom  adjoining  this 
Mocaranga.  which  is  the  kingdom  of  Besa,  where  there  ia  a 
palace  of  the  ancient  Monomotanas  which  the  Kaffirs  hold  to  be 
a  supreme  piece  of  work.  All  the  Monomotapas  are  buried 
there,  and  it  serves  them  as  a  cemetery."    Tn  connection  with 
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this,  it  may  be  remarked  that  a  chain  of  mountains  close  to  Zim- 
babwe is  known  as  the  Beza  Tsmge,  and  the  name  may  well  be  a 
survival  of  that  mentioned  by  the  Portuguese  writer.  Many  of 
the  ruins  bear  traces  of  long-continued  Kaffir  occupation^  and  it 
was  only  a  few  years  ago  that  the  hill  ruins  at  Zimbabwe  were 
vacated  by  a  tribe  who  had  perched  their  huts  amongst  the 
rocks,  and  sometimes  even  on  the  ruined  walls.  This  leads  to 
the  certainty  of  much  confusion  from  an  uncritical  examination 
of  the  finds  that  have  been  made  from  time  to  time.  The 
natives  have,  however,  practically  no  ideas  concerning  the 
origin  of  the  ruins,  certainly  none  which  are  calculated  to 
throw  any  liirht  upon  the  subject.  The  fact  is  that  the  Kaffir 
does  not  trouble  himself  with  speculations  about  such  matters, 
but  he  is  nevertheless  rarely  at  a  loss  for  an  answer,  and  will 
generally  give  a  plausible  reply  to  a  question  even  if  he  never 
heard  of  the  subject  before.  De  Barros  relates  that  he  was  told 
the  ruins  were  **the  work  of  the  devil,"  no  doubt,  as  he  truly 
says,  because  "in  comparison  with  their  power  and  knowledge 
it  does  not  seem  possible  to  them  that  they  should  be  the  work 
of  man.'*  It  is  important  to  remember  that  his  history  was 
written  some  350  years  ago,  and  that  this  was  the  statement  of 
people  whose  ancestors  have  in  all  probability  inhabited  the 
country  at  least  from  the  commencement  of  the  Christian  era. 
At  the  present  day  natives  frequently  assert  that  *Hhe  Umlimo 
built  them,"  the  being  in  question  being  their  nearest  concep- 
tion of  anything  in  the  nature  of  a  god,  and  this  is  no  doubt 
what  De  Barros  himself  heard.  That  they  were  "always  there'* 
is  another  common  statement,  and  one  is  often  put  off  by  the 
counter  question,  "Do  not  the  books  of  the  white  men  say?' 
A  curious  saying  is  that  thoy  were  built  when  stones  were  soft, 
an  idea  which  forms  a  remarkable  parallel  to  the  statement  of 
some  of  the  South  American  Indians  regarding  the  cut  and 
drilled  gems  found  in  their  country.^  The  Matabele  often  say 
that  the  Abalosi  built  them  for  cattle  kraals,  and  this  is  usually 
supposed  to  refer  to  some  of  their  predecessors  in  the  country. 
The  Makalunga,  however,  themselves  sometimes  talk  of  the 
"  Abaroswe  "  as  the  builders,  and  I  am  informed  that  the  rem- 
nant of  such  a  tribe  actually  exists  in  Mashonaland.  Probably 
they  were  at  one  time  much  more  numerous  and  important  than 
now,  but  their  connection  with  the  ruins  rests  on  no  sounder 
basis  than  the  more  obviously  fabulous  accounts. 

The  Bantu  are  considered  by  some  authorities  to  shew  signs 
of  being  a  degenerate  race,  but  even  if  this  be  so,  we  can 
scarcely  by  any  stretch  of  the  imagination  credit  their  ancestors 
with  the  conception  and  execution  of  such  remarkable  monu- 
ments. Professor  Tylor,^  indeed,  is  willing  to  accept  them  as 
evidence  of  a  much  higher  civilisation  among  the  race  in  former 

*  See  Tylor,  Early  History  of  Mankind,  p.  187. 
'^  Primitive  Culture,  p.  47. 
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limes,  but  lie  admits  tliat  colourable  evidences  of  degeueration 
are  very  rare.^  The  lesLiiiiony  of  El-Masoiidi,  writing  about  930 
A.D,,  siiewa  that  in  his  time  the  people  here  were  Kaffirs  with 
precisely  the  same  customs  as  now,  and  an  Ai-abic  inscription 
which  ha.s  recently  l>ecn  brought  to  light"  proves  thai  in  the 
jear  95  of  Iligra,  i.e.,  713-714  A.D.,  the  Arabs  had  already  pene- 
trated inland,  and  must  have  known  if  any  higher  civilisation 
had  then  existed.  Indeed  it  scarcely  seems  necessary  to  argue 
.against  the  possibility  of  a  people  lite  the  Kaffirs  having  origi- 
nated the  ruins,  people  who  for  generations  are  content  to  make 
-a  circuit  round  a  stone  it  would  not  take  them  a  minute  to 
remove,  and  whose  superslitious  require  them  to  remove  their 
Jiraals  to  another  place  when  the  headman  dies.  la  it  conceiv- 
-able  that  such  a  people  should  originate  and  carry  out  public 
works  of  the  first  magnitude,  which,  allowing  for  differences  in 
architectural  ideals,  equal,  if  they  do  not  surpass,  anything  that 
the  European  has  done  in  the  four  hundred  years  since  he  first 
«et  foot  on  the  southern  half  of  the  African  continent?  Or  will 
it  be  credited  that  people  capable  of  carrying  out  such  o  scheme 
as  the  great  temple  at  Zimbabwe,  with  its  massive  stone  walla 
30  feet  high  and  15  feet  thick,  should  not  only  be  content  to 
live  in  mud  huts  surrounded  by  a  fence  of  thorns,  but  have 
actually  lost  all  traces  of  the  form  of  religion  which  prompted 
its  erection?  And  if  we  go  back  to  the  days  before  the  invading 
3antu  oversoroad  the  lani],  we  have  every  reason  to  believe  that 
^he  Bushmen  were  the  occupants  of  the  Inland  plateaux,  and 
i.ha  Hottentots  of  the  coastal  regions.  These  races  are  far  lower 
in  the  scale  than  the  Bantu,  neither  having  reached  the  stage  of 
cultivating  crops  or  working  the  useful  metals-  The  former, 
indeed,  dwelt  in  caves  and  rock  shelters,  deslifule  of  all  save  the 
Tudest  arts,  and  aifording  to  the  present  day  an  illustration  of 
Hie  life  and  habits  of  paleolithic  man. 

It  seems,  therefore,  almost  as  if  we  must  attribute  an 
■asternal  origin  to  the  mysterious  structures  that  we  are  con- 
-sidering,  and  wo  must  certainty  look  to  the  ruins  themselves  for 
further  evidence.  And  e%'en  in  dealing  with  the  featui-es  that 
they  present,  it  is  perhaps  premature  to  make  generalisations  of 
a  sweeping  character.  Though  the  existence  of  several  hundred 
distinct  structures  seems  probable,  there  are  only  sis  of  any 
importance  of  which  a  reliable  description  is  extant,  and  each 
«f  these  has  features  which  are  seen  in  none  of  the  others.  It 
may  be  as  well  to  enumerate  these  sis  with  the  authors  who  have 
described  them.  Thev  are:  Zimbabwe  (Bent,  WiHoughby. 
ilennell);  Matendele  (Bentl:  Khami  (Gill.  White,  MenneB): 
Bhlo-dhlo  or  Mambn  (Wliite);  Begina  (White);  Xanatali 
<Popham).  The  published  accounts  of  other  ruins  are  mere 
liearaay  statements  of  untrained  observers  or  the  work  nf  those 
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are  always  used.  Bent  states  that  the  north-wesi  entrance  of  the 
temple  at  Zimbabwe  had  wooden  lintels,  though  apparently  no 
traces  now  remain.  <jn  the  hill,  however,  of  the  two  covered 
laratewaySy  one.  nearly  fallen  in,  shews  a  wooden  lintel,  whOe  the 
other  is  carried  over  slabs  of  chlorite  schist.  At  the  'Mpako 
mins  in  the  Victoria  district,  which  I  examined  in  September, 
1902,  there  is  a  fine  covered  entranc-e  to  one  of  the  enclosures. 
It  passes  throag^h  a  wall  fnlly  4  ft.  thick,  which  is  carried  over 
five  slabs  of  granite,  and  shews  the  corioas  partial  waUing  np 
of  an  originally  larger  gap.  jost  as  Bent  describes  in  the  case  of 
llatendele  rnins.  The  enils  of  the  walls  are  in  this  instance 
square,  while  at  Zimbabwe  they  are  rounded.  It  may  be  men- 
tioned that  at  two  entrances  in  the  Temple  at  Zimbabwe  the 
walls  on  either  side  have  each  one  comer  square  and  the  other 
rounded  off. 

A  curious  feature  of  many  entrances  are  the  structures 
sometimes  called  buttresses,  which  they  by  no  means  resemble 
in  function,  though  they  may  in  appearance.  They  are 
always  rounded  or  shew  two  curved  sides  meeting  at  an  anirle, 
and  are  sometimes  almost  detached  from  the  wall,  having  only  a 
small  segment  cut  off  by  it.  Thie  such  at  Khami  was  evidently 
capped  by  a  large  circular  slab  of  stone,  now  fallen.  Some  of 
these  structures  are  obviously  of  a  utilitarian  character,  nar- 
rowing passages  and  having  grooved  recesses  into  which  a 
number  of  stone  slabs  might  be  inserted  to  form  a  kind  of  port- 
cullis. These  recesses  are  also  seen  in  the  ordinary  entrance 
ways  and  even  along  walls,  where  they  sometimes  shew  upright 
stone  or  wofnlen  posts  whose  use  is  somewhat  of  a  mystery.  At 
Xanatali  tliere  are  circular  holes  in  the  cement  floor  just  by 
two  of  the  entrances,  and  it  has  been  very  plausibly  suggested 
tliat  they  held  totem  posts  or  objects  of  a  similar  character. 
By  tlie  entrance  to  one  of  the  valley  ruins  at  Zimbabwe  the 
stump  of  such  a  post  is  still  to  be  seen. 

One  of  the  most  interesting  structures  in  Rhodesia  is  the 
fone  at  Zimbabwe,  which  is  a  solid  mass  of  masonry  built  in  the 
same  way  as  the  walls  of  the  ruins,  about  3-5  feet  high  and  18 
feet  in  diameter  at  the  base.  This,  taken  in  conjunction  with 
the  phalli  which  liave  l)een  found,  places  the  i-elicrious  character 
of  the  crreat  rircular  building  and  the  form  of  i-eligion  practised 
beyond  a  doubt.  Tlie  rone,  whose  meaning  is  not  at  all  clear, 
replaces  in  nature-worshippinj?  temples  the  statues  and  images 
of  other  cults  and  in  tlie  case  of  the  Phoenicians  was  placed  in  an 
unroofed  enclosure  just,  as  at  Zimbabwe.  Nature -worship,  how- 
ever, was  one  of  the  most  widespread  religions  of  antiquity,  and 
therefore  affords  no  clue  to  the  builders,  except  in  so  far  as  it 
excludes  the  Mahometan  Arabs  and  other  races  that  have  been 
sugfirested.  A  circular  erection,  21  feet  in  circumference,  stands 
besides  the  crreat  cone,  and  has  usually  been  taken  as  a  smaller 
structure  of  a  similar  character.  This  would  form  a  parallel  to 
the  custom  of  the  Aztec  sun  worshippers  of  Mexico,  who  by  the 
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side  of  tlie  pyramid  dedicated  to  Toiiatiuh  the  sun,  placed  a 
Amaller  one  for  Metztlt  the  moon.  There  are,  Lowever,  grave 
doubts,  to  my  mind,  whether  this  almost  completely  ruined 
structure  was  really  a  cone  at  all;  I  am  much  more  inclined  to 
think  that  it  may  be  the  altar,  of  which  otherwise  all  traces 
have  been  obliterated.  The  cone  and  the  altar,  if  such  it  be,  are 
placed  in  a  kind  of  swelling  in  the  curious  passage,  very  narrow 
east  of  the  cone,  which  runs  half-way  round  the  temple.  The 
enclosure  would  not  hold  a  large  number  of  people,  but  it  ia 
overlooked  by  a  platform  on  a  much  higher  level,  where  the 
principal  devotees  no  doubt  took  their  stand.  Such  platforms  are 
a  constant  feature  of  the  ruins.  On  Zimbabwe  hill  there  is  one 
partly  natural  and  partly  artificial,  on  which  several  tall  i-ongh 
pillars  of  stone  are  placed,  and  another,  almost  entirely  natural, 
fln  the  highest  accessible  point,  which  commands  a  magnificent 
view  of  the  surrounding  country.  The  function  of  these  plat- 
forms is  evidently  somewhat  different  to  those  in  tho  temple, 
and  they  remind  us  forcibly  of  the  "  high  places  "  of  Baal  wor- 
ship. Both  are  approached  by  narrow  passage  ways.  The 
former  has  stone  steps  upon  one  side,  while  on  the  other  it  is 
reached  by  a  winding  way  through  the  two  covered  entrances 
that  have  been  mentioned.  The  latter  has  an  approach  through 
a  cleft  between  two  rocks,  which  meqt  overhead. 

Narrow  passages  and  tortuous  ascents  are  a  marked  feature 
of  certain  ruins.  Thus  the  hill  ruins  at  Khnmi  and  Zimbabwe 
are  both  placed  on  high  kopjes,  with  protecting  walls  along 
every  point  where  the  ascent  is  at  all  practicable,  while  pre- 
cipitons  faces  have  no  such  safeguards.  The  approaches,  especi- 
ally at  Zimbabwe,  are  very  narrow,  and  protected  with  walls  on 
either  side,  and  are  commanded  by  numerous  enclosures,  which 
would  form  admirable  points  of  vantage  for  a  defending  force. 
The  way,  however,  ia  made  easy  for  authorised  persons  by 
winding  to  avoid  diificnlt  places  and  by  steps  carefully  built  of 
stones  and  sometimes  covered  with  cement  at  the  steeper  slopes. 
There  are.  besides,  curious  recesses,  with  steps  ascending  to- 
wards the  bark,  which  is,  however,  formed  by  an  unscaleable 
wall.  As  before  mentioned,  parts  of  these  paaaagea  appear  in 
several  instances  to  have  been  covered,  and  a  recess  at  Khami 
has  wooden  posts,  which  Mr.  Franklin  White  lina  suggested 
formed  supports  for  a  light  roof. 

The  walls  of  many  ruins  show  features  which  are  obviously 
intended  aa  architectural  embelli aliments,  though  some  may 
possibly  have  had  a  religious  significance  also.  Courses  of 
dark-coloured  atonea  are  often  introduced  to  contraat  with  the 
granite,  or  the  arrangement  of  the  blocks  is  varied  so  as  to 
produce  various  patterns.  The  commonest  derorntion  ia  the 
ehequer  pattern,  produced  by  leaving  gapa  tietween  eiich  stone, 
while  chevron,  dcntellc,  sloping  block,  and  herring-bone  pat- 
terns are  also  seer,  especiallv  the  last-named.  ;  These  have 
already  been  described  and  figured  by  Mr.  White  in  the  first. 
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>—:'?».-.  •!- M!: .^  *►  n.*^  .ir:.*  i.  :!.-  *i"r-r>i:o  ar^^titectTire  of 
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^^^  .:.^*iZ.'''^.  <!•  ::.  'L^  ^-^aVr  t  a  --irvf-.:  wal"  w::li  pi>«ri  holes  on 
Z.rj.N^'.-^-  H  .  .  "K--  ii.dT  f-ir^r-:?^  Tia:  Tif-r^r  '«-j>  a  rc^"*f,  but  these- 
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• -i»'  T^.""  "^  '^'-  --"^*  Lav^  r-rmf-'^  mei^r'v  :!ir  niiclens  aTt>an«l 
T*.;  ^L  ^-->*-:^.:  •"♦.•>  ^'ijrr-VT  w.-.;^-  >tt-I'  ;"rv->  where  dwelt  the 
Ti.*-«*:.-r  :r:!.»ibiTaT.:-  at  jf-a**.  S-»nif-  «-»f  ihr  principal  men  may 
havp.  ar,^  :r.'i^-*-fi  d'»  'l^.^ibT  tii-i.  ivsMv  w::L:t-.  \he  walls,  but  the 
li^itf-T  *^^m  tt»  fcav*-  be*-Ti  :riTici-:f-«i  pT:iii;-tr:'y  as  a  prr^teetion 
airain^t  attack  and  a*  pla^'-e?  wiihiii  whioh  e<"»M  workin|r  opera- 
tions ^'-onld  be  r-arried  r.n  in  <e.'"aT:tT  and  se^-lnsion. 

Thflt^  (Hrrdd  mining  bad  a  great  dea;  tn  do  with  the  bufldinr 
fihe  nun»  no  one  can  doubt,  from  the  nnmber  of  evidences  of 
bIKh^  the  DTeeions  metal  and  workine  it  tip  into  beads,  wiie. 
^uid  otber  ornaments  that  have  been  found.     At  the  same 
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time    it   is   remarkable    that   nearly    all     the     ruins     are    on 
the    granite    which    never    contains    gold    reefs.       The    so- 
called  "  ancient  workings,"  which  are  so  numerous  throughout 
Bhodesia,  are  also  certainly,  in  nine  cases  out  of  ten,  compara- 
tively modern.     The  Arabs  are  known  to  have  traded  with  the 
natives  for  gold  at  Kilwa  and  Sofala   for   fully    five    hundred 
years  previous  to  the  Portuguese  discoveries,  while  the  Portu- 
guese continued  the  trade,  and  even  essayed  mining  on  their 
own  account.     It  has  been  contended  that  this  native  mining 
was  only  for  alluvial,  but  the  early  Portuguese  writers  describe 
•quartz  mining,^  and  point  out  that  the  gold  thus  obtained  is  of 
less  fineness  tnan  alluvial.     Father  Monclaro  further  mentions  - 
the  manufacture  of  gold  ornaments  by  the  natives,  and  I  learn 
from  early  settlers  here  that  many  of  the  Makalanga  possessed 
gold  bangles,  etc.,  before  the  Chartered  Company's  occupation 
of  Mashonaland.      Selous^    adduces   good    evidence    that    the 
natives  continued  gold  mining  to  the  present  day.     These  con- 
siderations, together  with  finding  Kaffir   hoes    and    even    such 
perishable  articles  as  mealie  cobs  at  considerable  depths,  are 
■quite  sufficient  to  cause  grave  doubts  as  to  whether  any  of  the 
workings  opened  by  the  ancients  are  likely  to  have  been  left  in 
their  original  state  to  the  present  day.       The  Kaffir  no  doubt 
reopened  the  cuttings  of  his  predecessors,   just   as   the   modern 
prospector  has  done,  even  if  the  former's  knowledge  of  mining 
is  not  directlv  traceable  to  the  influence  of  the  older  miners. 

The  subject  of  mining  brings  us  naturally  to  the  considera- 
tion of  the  tools,  implements,  etc.,  of  the  ancients.  My  first 
impression  was  that  the  dressing  of  stones  in  the  way  it  is  done 
at  the  various  ruins  was  practically  impossible  without  iron,  or 
■at  least  bronze,  tools.  A  very  careful  examination  of  large 
numbers  of  the  squared  blocks  has  caused  me  to  abandon  this 
opinion,  as  the  fractures  are  not  of  such  a  character  as  would  be 
the  case  if  edged  tools  of  metal  were  employed.  Further,  no 
metals  except  gold  and  copper  appear  to  have  been  worked ;  so- 
-called  objects  of  bronze  are  always  of  unalloyed  copper.  This 
is  the  case  even  with  spear-heads  found  at  Dhlo-dhlo  and  Zim- 
babwe. With  the  exception,  too,  of  boring  holes  in  certain 
oval  stones,  there  is  never  any  attempt  at  incised  or  engraved 
work  in  the  case  of  any  other  material  than  talc  ("  soapstone  "), 
which  can  be  furrowed  even  by  the  finger  nail.  Numerous 
chipped  and  ground  stone  implements  have  b^en  found,  and 
altogether  the  evidence  at  present  seems  almost  to  necessitate 
our  referring  the  building  of  the  ruins  to  a  date  even  prior  to 
the  use  of  bronze,  that  is  to  say,  antecedent  to  1500  B.C.*  It 
may  be  pointed  out,  however,  that  tin  is  of  such  extreme  rarity 

*See  Dos  Santos;  Records  of  S.E.  Africa,  Vol.  VII.,  p.  218—9. 

«  Rec,  8,E.  Africa,  Vol  III.,  p.  234. 

3  Geog.  Journal,  Vol.  I.,  No.  4,  p,  308. 

*  See  Gladstone,  Nature,  April  1898,  pp.  594—8. 
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ill  SoutL  Airicai  tluii  no  ixidig^enous  race  wovid  be  in  any  waj 
likely  to  di&cover  it§  utility  in  liardeniiig  eof^ier,  thovi^k  in  this 
coniiec-tioii  it  if  of  great  interest  to  note  that  a  fev  small  bnttoiu 
of  snieheid  tiii^  t<^getLer  witL  two  or  three  beads  made  of  the 
same  jiih\erinL  were  found  at  the  l^>»^f«i  mins  some  yean  ago» 
and  are  now  in  the  BLodesia  Ittiseiim. 

It  i!»  not  uiT  purpos^e  on  the  present  occasion  to  further  dis- 
cuss tLt  obje^.t*  found  in  the  ruins,  though  they  throw  much 
light  oii  the  degree  of  civilisation  existing  amonjr  the  builders. 
They  Lad  undfiubtedly  attained  a  high  state  of  what  may  be 
tenneil  barbaric  culture,  very  similar  to  that  of  the  Axtecs, 
though  it  apparently  fell  short  of  the  employment  of  written 
character?  or  even  of  picture  writing.  Whether  their  civilisa- 
tion wa*  of  puiely  indigenous  growth,  or  whether  they  brought 
with  tLem  tL^  arts  of  another  land  must  remain  a  moot  point 
until  wc  are  in  pos§es«ion  of  further  facts.  At  present  we  can 
scarcely  l^e  ^^aid  to  Lave  even  a  working  hypothesis  to  go  upon, 
and  the  eviden<^c  necessarv  for  a  definite  solution  of  the  problem 
1^  only  >X'jriii!iiiie  to  be  collected. 


44.— INYANGA    FORT. 

A   ItEPObT   OF   AN    ExAUIXATION  OF   THESE   BclNii. 

By  B.  N.  Uall,  F.R.G.S. 

(Plato  SLIV.) 

Tliese  ruins  are  situated  two  luilea  aoutU-eaat  oi  Mr. 
Kliodea'  fiiriu stead,  on  the  t-omb  of  the  ridge  of  a  long  kopje 
which  runs  from  nortb-eaat  to  aouth-west.  The  bill  rises 
steeply  on  either  aide  of  the  line,  but  ascends  in  gentle  slopes 
at  its  exiremities.  The  ruins  coniuiand  a  strong  strategic  posi- 
tion, ^nd  a  most  extensive  view,  and  overlook  valleys  and  downs 
which  are  thickly  covered  with  the  remains  of  stone  dwellings 
and  walls.  The  precipitous  clifta  of  Inyanga  Mountain  (9,000 
ft,  above  sea-level)  riae  in  gigantic  form  some  four  miles  to  the 
east.  The  valley  on  the  summit  of  the  luyanga  Range  shows 
country  fair  and  fertile,  stretching  in  one  azure  sea  of  bills 
and  valleys  to  Tfani  (fifty  miles),  and  on  towards  Eatereris 
(sixty  milea).  Towards  the  west  is  a  similar  view,  extending 
in  giant  steppes  in  the  direction  of  Headlands  and  Maran- 
dellas.  The  southern  view  is  narrowed  by  the  giant  ^anite 
bluffs  of  York  Hills,  while  Major  Yan  Niekerk's  farmstead  fills 
in  tbe  nearer  distance.  To  the  south-east,  at  a  distance  of 
some  three  milea,  can  be  seen  against  tbe  sky-line  similar  nuns 
to  tbe  Inyanira  Fort,  only  smaller,  but  in  a  better  state  of  pre- 
servation. This  is  on  the  eastern  side  of  tbe  summit  of  a 
balloon-shaped  kopje,  whose  northern  face  is  steeji  and  in- 
accessible. These  are  known  as  tlie  "  Bideford"  Ruins,  being 
on  the  Bideford  Farm,  on  Mr.  Ebodes'  estate. 

The  farmstead  Fruitlands,  our  headquarters,  appears  to 
be  fur  below  in  a  valley,  though  actually  it  is  built  on  tbe  face 
of  a  hill.  Numerous  cascades  in  several  valleys  appear  to  be 
but  sli-eaks  of  white,  and  kraals  and  other  objects  below  can 
onlv  bi'  discerned  with  the  aid  of  field-glasses.  Camping  out 
at  these  ruina  at  this  high  elevation  (7,000  ft.),  one  is  in  a 
keener  atmosphere,  far  cooler  than  at  the  farmstead,  and  the 
nights  are  found  to  be  much  colder.  Mists  envelope  the  hill 
at  times,  but  they  roll  on  and  off  very  quickly  and  suddenly. 
The  scenic  effects  produced  by  these  mists  are  exceedingly  fine 
and  weird,  and  tbe  contrast  between  the  opaque  wall  of  vapour 
and  the  sunny  valleys  sbown  through  passing  rifts  is  most  in- 
describablv  fascinating.  The  usual  daybreak  view  from  this 
point  ia  of  hundreds  of  sun-bathed  rocky  islands  standing  nut 
from  a  white  sea  of  mist,  or  a  fleeting  Alpine  view  in  minia- 


The  area  covered  by  these  ruins,  excluding  traces 
of  terraces  and  walls  immediately  surrounding  them,  is  200  ft. 
from  north  to  south  and  250  ft.  from  east  to  west. 
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plan  and  consteuction. 

All  the  walls,  with  the  exception  of  two,  one  being 
of  very  poor  construction,  are  built  upon  a  curved 
plan.  In  other  respects  the  features  are  angular,  the 
walls  are  perpendicular  or  with  most  imperceptible  batter- 
back,  the  entrances  are  singular  and  not  rounded,  and  all  the 
loop-holes  are  square.  The  plan  very  closely  resembles  the 
rising-terrace  or  wedding-cake  style  of  building  which  crown 
and  cover  the  summit  of  hills  in  a  portion  of  western  Matabele- 
land,  but  it  would  be  unwise  at  present  to  place  too  much  reli- 
ance on  the  parallelism. 

A  close  inspection  leaves  a  strong  impression  of  a  com- 
bination of  both  skilled  and  unskilled  design  and  construction, 
<»xtremely  difficult  to  reconcile  owing  to  contradictory  evi- 
dences. This  combination  of  crude  and  unskilled  workman- 
ship suggests  that  the  actual  labour  was  that  of  a  very  old 
native  people,  with  the  inclusions  of  features  of  architecture 
conveying  the  idea  of  at  least  some  direction  and  supervision 
by  a  more  skilled  n\ce  of  builders.  This  impression  is 
strengthened  when  one  considei*s  the  presence  in  the  very 
vicinitJ^'  of  such  buildings  as  that  now  being  described — a  type 
of  many  others  in  the  Inyanga  district — of  aqueducts  miles  in 
extent,  which  score  tlir  faces  of  the  hills  in  this  and  corre- 
sponding areas,  and  which  aquaducts,  as  well  as  the  associated 
liill  tornuH^s,  must  have  been  the  work  of  skilled  engineers,  and 
not  that  of  any  native  people  left  to  its  own  power  of  initia- 
tive. 

The  building  material  employed  is  of  the  country  rock — 
blue  slato,  and  this  yields  itself  in  rough  boulders  and  slabs — 
which,  when  usc<l  in  walls  afford  the  builders  no  opportunity  of 
keeping  many  courses  or  of  attempting  to  distribute  the  joints 
or  to  bond  the  stones,  thus  leaving  fissures  and  gaps  between 
the  stones,  which  are  filled  in  with  small  stones. 

One  other  prominent  feature  in  the  construction  of  thv 
walls  is  that  instead  of  laying  the  slabs  on  their  flat  side>. 
these  an^  set  up  on  their  etlges  in  a  vertical  position  in  the  outer 
faces  of  the  walls,  with  their  broad  face  outwards.  Some  of 
thest^  slabs  are  large,  heavA\  and  shapeless,  and  these  are  to  be 
setMi  even  in  the  higher  parts  of  the  wall.  There  is  no  sign  of 
any  of  the  stones  ever  having  been  dressed.  This  style  of  arr-hi- 
tet^uit*  has  a  p;^rallel  in  a  minor  ruin  at  Zimbabwe,  which  is 
not.  for  vorv  manv  reasons,  believed  io  be  ancient. 

MTRAT.    DECORATION    AND    MONOLFFHS. 

These  are  entirely  absent  from  these  and  similar  ruins. 

COVERrJ>   ENTRANCES. 

These  are  very  numerous,  both  in  outer  main  wall> 
and  als*>  divisional  walls.  They  are  all  angnlar.  haw 
large    slabs    of    stone    placed    over    them    for    roofing,     atd 
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none  have  any  portcullis  grooves.  The  average  measurements 
of  these  entrances  run  as  follows :  — Floor  to  roof,  3ft.  lOin. ; 
width,  2ft.  2in.;  length  through  wall,  6  ft.;  length  through 
banquette  wall,  which  runs  round  the  inside  of  the  main  and 
«ome  of  the  divisional  walls,  from  3  ft.  to  5  ft. ;  the  total  length 
of  covered  entrance  passages  averaging  from  9  ft.  to  12ft.  There 
are  covered  entrances  still  intact,  and  some  others  which  are 
now  roofless  and  dilapidated. 

LOOP  HOLES. 

In  all  walls,  both  main  and  divisional,  there  are  square 
loopholes  which  run  through  both  wall  and  banquette,  thus 
giving  them  a  length  of  from  8  ft.  to  12  ft.,  accord- 
ing to  the  width  of  the  banquette.  The  holes  are  no  lesfr  than 
12  in.  by  12  in.,  and  all  are  fairly  well  squared  throughout  their 
length.  These  holes  are  in  rows  at  about  3  ft.  to  5  ft.  above  the 
ground,  but  they  are  not  all  exactly  on  the  same  level.  The 
holes  are  fairly  distributed  along  and  around  the  walls.  It 
would  be  quite  possible  to  shoot  an  arrow  through  the  shorter 
holes,  but  natives  affirm  that  this  could  also  be  done  through 
those  of  the  longer  ones  which  are  still  perfect.  The  total 
number  of  these  holes  at  these  ruins  must  be  at  least  fifty. 
There  appears  to  have  been  very  few  loopholes  in  the  walls 
above  the  banquette  walls,  possibly  as  the  banquette  inside  the 
main  wall  would  enable  anyone  standing  upon  it  to  see  over  the 
main  walls  to  the  exterior  of  the  building. 

BANQUETTE  WALLS. 

The  general  adoption  of  substantial  banquette  walls 
as  a  means  of  defence  in  this  and  similar  buildings 
in  the  Inyanga  district,  is  somewhat  striking,  espe- 
<-ially  as  their  employment  in  old  ruins  in  Southern  Rhodesia, 
Inyanga  excluded,  is  not  very  frequently  met  with.  These 
walls  are  really  part  of  the  main  outer  walls,  and  also  of  some 
of  the  divisional  walls,  but  are  only  carried  up  to  a  height  of 
from  three  to  four  feet  above  the  ground,  thus  forming  an  ele- 
vated terrace  walk,  varying  in  width  from  two  to  five  feet  all 
round  the  inside  of  the  walls,  which  would  enable  the  defenders 
while  occupying  a  protected  position  to  see  over  the  main  wall, 
or  to  throw  spears  and  missiles  on  to  the  enemy  outside  the 
walls. 

The  original  designers  of  the  building  evidently  bore  in 
mind  the  possibility  of  the  outer  and  lower  defended  enclosures 
l)eing  captured  by  an  enemy,  for  they  have  provided  a  further 
line  of  defence  in  a  higher  and  central  enclosure,  IV. 
on  Plan  (see  Plate  XLIV.),  and  this  has  also  banquette, 
loopholes,  and  small  covered  entrances  overlooking  and 
commanding  enclosures  I.,  III.,  V.,  and  VI.,  while 
enclosures  II.  and  III.  have  similar  defences  against  a  possible 
hostile  occupation  of  enclosure  I.    The  redundancy  and  repeti- 
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^fef^jLf*-  <ir2j'.<L*^Tr»tt^  a  k2«f-'»'iHdf<e  c«f  niilTmrT  tactics  cm  tie 
^air^  ','i  tl*«-  -^ijpwer*-  wiMt  oa*e  ^^^iiKrt  ••^H  ««ck^^  to  W  ©f 
pq?*-;;.-  ZJitfr*:  r^Tjria^ 

Ij:.   iLi%^«-  r^'iiA,  aiz»d   in   hjolj  <:4  xhtzr  elaas  m  tti*  dis- 

ifi  t}ji^  '>;dizi^r;'  min^  of  Mjiiabel^IaiZid  aztd  MaAonalaiwi,       Im 

b»jtty«^«*e*  f')»r  iL^  4*fhtiA<it  fA  eixXTiinf't^  frc<m  aitaeks  froim  tke 
^xt*-?:oj.  atid  fji  order  to  pn>vide  ^belter  for  the  defenders.  In 
tL*-  Ii-vaii^>  fon§.  tbe  lo«Ti€*«*.  le&iztli  and  narrowiiesff  of  tlie 
erjtr;«3:«r^  ystA^t^^t*^.  Ujfpffxher  witL  iLe  vantajre  ground  afforded  br 
lb**  liarj<ju*-tt#r  wall  orer  tie  iiiterinr  of  tbe  exit.  evidentlT  mere 
lb**  only  naf-arj«  erfjuloT^^  to  prot^-^-t  tbe  eDtrance  or  to  make  it* 
d^f^-jj'-*-^  *^«y  to  tbf*  fxrf-npl^r^  aiid  difficult  for  tbe  attacking' 

F0^5DATI0^S    OF    STOVE    Ht-T<. 

Th^  rtjiii*  corjtaiii  tbe  foandations  and  side  walls  of 
iM'/rjj'-  fc^-'/fe  of  rir^-ular  but*.  Xo  one  who  has  ever  in- 
iip^'rif-/]  tbern  and  the  thousands  of  other  huts  in  this 
b^ality  in  plar-es  where  there  are  no  ruins,  attributes  to  them 
afit:';';;ty.  though  admitting^  them  in  be  of  an  ajre  datinir  from 
K;i/j<-  ij[''ii*'iii^\f*ii^  pa*?t  and  ocr-upied  by  natives  up  to  a  still  more 
r#'/r-j;t  rjate.  This  a§«!ertion  air  to  their  comparative  modernity 
i*  b;i-^'d  ofj  rfjany  arg'uments. 

^1;  The  natives  state  that  thf  v  built  the  huts  when  thev 
were  wont  to  take  n:fug^e  with  their  women  and 
rattle  in  thes^-  ruins  during  tbe  frequent  raids  of  the 
Shangaans,  which  raids  eeasc^d  on  tbe  arrival  of  the 
white  man. 
(2)  'Y\ii'*^t  structure's  are  exactly  similar  in  every  respect 
to  the  stone  huts  r»f  the  natives  found  in  thousands 
in  this  distiirt.  and  thrse  found  sr»  plentifully  in 
Mashonaland  in  kraals  where  there  are  no  ancient 
ruins,  or  built  on  the  upper  levels  of  very  many 
ruins  which  have  been  occupied  up  till  recently  by 
natives. 
(^j)  The  appearance  of  these  buts  is  practically  modem, 
and  dissimilar  to  the  building  in  tbe  main  walls,  and 
in  some  instances  the  bu^s  are  built  of  debris  fallen 
from  tbe  main  walls,  and  obviouslv  old  loophole 
and  entrance  roofing  slabs  have  been  moved  and 
employed  in  tbe  structure  of  tbe  buts,  while  late 
native  pottery  is  used  to  wedge  up  blocks  to  a  level. 
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(4j  The  only  finds  made  in  these  huts  are  the  commonest 
of  modem  native  articles. 
The  huts  are  of  diameters  varying  from  11  ft.  to  16  ft.  The 
natives  aaj"    they  were  once  roofed  with  poles  and  grass,  and 
that  the  huts  were  only  occasionally  occupied. 

LEVELS  OF  FLOOHS  OF  ENCLOSURES. 

The  ruina  crown  the  top  of  the  ridge  on  the  sum- 
mit of  the  hill,  enclosure  IV.  being  on  the  highest 
and  most  central  point.  This  is  surrounded  on  all 
sides  by  enclosures,  except  for  some  40  ft.  on  the  west  aide, 
where  there  is  a  sharp  declivity.  All  the  enclosures  slope  out- 
wards and  downwards  from  the  central  enclosure  to  the  outer 
main  walls  of  the  ruins.  The  central  enclosure  IV.  thus  over- 
luoks  aud  commands  all  the  other  enclosures.  Its  floor  is  prac- 
tically level,  the  small  natural  plateau  enclosed  being  artifi- 
cially extended  by  filling  in  of  soil  on  the  inside  of  its  rampart 
walls.  Its  flonr  has  an  elevation  above  the  highest  and  nearer 
portions  of  the  floors  of  the  surrounding  enclosures  to  the 
following  extent :  —Al.nve  No.  1,  4  ft. ;  No.  3,  5  ft. ;  No.  5. 4  ft. : 
No.  6.  9  ft.:  and  overlooking  the  uneiictosed  space  on  the  west 
side,  4  ft. 

The  floors  of  the  enclosures  surrounding  the  central  and 
elevated  enclosure  (IV.)  slope  outwards  from  the  outer  ba^e  of 
the  wall  of  this  enclosure  to  the  inner  base  of  their  outer  main 
walls  are  as  follows  :- — No.  I.  enclosure  slopes  2  ft.  6  in.  in  91  ft. 
towards  south-west;  No.  III.  slopes  5  ft.  in  65  ft.  towards  east; 
No.  V.  slopes  6  ft.  in  40  ft.  towards  east-north-east;  and  No.  VI. 
slopes  9  ft.  in  81  ft.  I[>ward8  east,  while  No.  II..  which  does  not 
adjoin  No.  IV..  slopes  2  ft.  in  63  ft.,  from  No.  I.  towards  the 
east- south -east. 

DESCniPTIO.VS    OF    ENCLOSCBE.S. 

,Y«.  /,  This  is  the  most  westerly  enclosure,  and  its  shape 
is  irregular.  The  area  is  110  ft.  from  north  to  south,  and  91  ft. 
from  east  to  west.  It  is  hounded  on  the  south,  south-east,  and 
north-north-eaat  sides  by  enclosures  II.,  III.,  and  IV. 

The  enclosure  has  nine  covered  entrances,  and  another  can 
be  traced  in  a  gap  on  the  west  side.  The  entrance  on  the  north- 
west side  passes  obliquely  through  the  wall. 

The  heights  of  the  walls  from  the  interior  floor  are  as 
follows : —North  side,  8  ft.;  west,  9  ft.;  south  11  ft.;  and  east, 
5  ft. 

The  hanrjuetle  or  terraced  wall  runs  round  the  inside  of  the 
niiter  main  wall  as  follows :  —North  side  (part  onlyl,  2  ft.  to  4  ft. 
wide,  4  ft.  high  (very  dilapidated) ;  west  side,  2  ft.  to  4  ft.  wide. 
■1  ft.  high ;  south-west  aide,  none ;  south-east  side,  2  ft.  wide,  2  ft. 
high  (traceable). 

The  ItMjp  holes  intact — south  side,  eight:  west,  four:  north, 
six :  c»st,  two ;  but  others  are  traceable. 
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A.  Covered  entrances  B.  Loopholes 
P/ain  figures  on  ex  ten  on  are  heights  in  Feel  of 
exterior  face  of  wall 


Inyonga  Fort     R  N  Hall 


Inyanga  Foet.  525 

Traces  of  one  stone  hut  only  are  seen  in  this  enclosure. 

To.  I'. — The  area  of  this  enclosure  is  4  ft.  from  north  to 
south,  and  40  ft.  from  east  to  west. 

There  are  three  covered  entrances,  two  being  on  the  north 
side  and  one  on  the  south. 

The  average  heights  of  the  walls  from  the  interior  ground 
are  :  West,  7  ft. ;  north,  4  ft. ;  east,  5  ft.  to  7  ft. ;  and  south  7  ft. 

A  banquette  wall  runs  along  the  inside  of  the  east  wall,  and 
is  from  2  ft.  to  3  ft.  wide,  and  3  ft.  high. 

There  are  a  few  loopholes  still  intact  and  traces  of  others. 

The  remains  of  one  stone  hut  only,  with  a  diameter  of  14  ft., 
is  on  the  north  side  of  the  enclosure. 

Xo.  17. — This  is  the  most  north-easterly  portion  of  the 
ruins.  Its  area  is  67  ft.  from  north-west  to  south-east,  and  81  ft. 
from  north-east  to  west-south-west. 

There  are  two  covered  entrances  on  its  north  side,  and  its 
outer  wall  contains  no  less  than  thirty  loopholes. 

The  remains  of  some  seven  stone  huts  are  within  this 
enclosure,  and  these  have  diameters  varying  from  11  ft.  to  14  ft. 


rNAUGUKAL  ADDRESS  DELIVERED  AT  THE  FIRST 
CONFERENCE  OF  SOUTH  AFRICAN  LIBRARIANS. 

By  Mb.  Justice  Lacrexce. 

''Our  pursuit  of  art  is  without  extravagance,  neither  does 
our  lore  of  literature  make  us  effeminate." — Thuc.  II.,  40. 

Less  than  a  month  a^  I  was  honoured  by  an  inTitation 
to  preside  at  this  Conference,  or,  if  that  was  impracticable, 
to  prepare  an  address  to  be  delivered  at  its  opening.  To  that 
invitation  I  replied  that  my  duties,  as  vacation  Judge  at  Kim- 
berley,  would  debar  me  from  attending,  and  that  I  feared  the 
time  was  too  short,  and  mv  leisure  too  scantv.  to  enable  me  to 
prepare  anything  in  the  natare  of  an  address  likely  to  prove 
either  usefal  to  the  Conference  or  satisfactory-  to  mvself.  How- 
ever,  on  a  reiterated  request  to  do  what  I  could,  I  have  endea- 
voured to  put  together  a  few  observations,  and  for  their  inade- 
quacy and  crudeness,  of  which  I  am  fully  conscious,  I  trust 
that  the  circumstances  I  have  mentionetl  mav  to  some  extent 
be  accepted  as  an  excuse.  I  conceive  that  all  interested  in  the 
subject  of  Public  Libraries  in  South  Africa  must  feel  indebted 
to  the  Association  for  the  opportunity  afforded  by  this  Confer- 
ence of  exchanging  i<leas.  eliciting  experience,  and  discussing 
some  of  the  multifarious  prttblems  ronnected  with  the  working, 
management,  and  development  of  the  system  of  Public  Libra- 
ries in  this  part  of  the  world.  A  Scientific  Association  in  its 
early  davs--as  is  shown  for  instance  bv  the  history  of  the 
Royal  Society — can  afford  to  be  romprehensive  in  its  anAit ; 
as  it  matures,  the  success  of  its  operations  tends  to  specialise 
their  nature  and  restrict  its  sphere.  Possibly  this  section  may 
not  retain  a  permanent  position  in  a  s^Mcntilic  programme:  if 
not,  it  may  be  Loped  that,  ere  that  day  arrives,  those  interestdl 
in  the  subject  may  be  able  to  maintain  an  association  of  their 
own. 

LIBRARY    ASSOClATIOX'i. 

A  good  many  years  ago,    as   chairman   of    the    Kimberley 
Library,  I  made  S4>me  suggestions  on  the  subject,  and  we  de- 
cided to  invite  the  co-operation  of  the  Sonrh  African  Library 
at  Cape  Town:  but  the  project  at  that  time  appeared  to  be  pre- 
mature^ and  I  am  not  certain  even   now  that   we  can   expe^^t 
^ti  complete   realisation   in   the   immediate   future.        Library 
aoeiations  have  long  existed  Ixith  in  Knglan«l  and  the  T'niretl 
htBy  and  a  similar  society  has  recently  been  established — I 
m  not  with  what  measure    of    su«  ress — in    the    Australian 
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Colonies,  Heie  in  South  Africa,  while,  under  the  sy§tem  of 
local  subscriptions,  supplemfnted  by  Pjriiamenlary  grants,  a 
good  mauy  small  libraries  have  been  established,  and  have  exer- 
cised a  beuefiL'ial  influence  within  their  sphere  of  operations, 
the  number  of  institutions  of  a  higher  class,  with  anything 
like  an  adequate  equipment,  is  extremely  small,  and  the  num- 
ber of  traiued  librarians  is  still  smaller,  There  arc  not  many 
other  persims,  bibliophiles  or  men  of  leisure  with  literary  tastes, 
taking  an  active  part  in  the  administration  of  our  libraries, 
who  would  be  both  able  and  willing  to  become  working  mem- 
bers.of  anch  a  society  and  to  attend  those  periodical  conferencoa 
which  are  usually  regarded  as  among  its  most  useful  and  dis- 
tinctive features.  The  great  distances  which  in  this  country 
separate  the  principal  centres  of  population  form  one  of  the 
most  formidable  barriers  to  such  intercourse.  It  may,  how- 
«ver,  be  suggested  that  something  more  might  be  attempted 
than  has  yet  been  done,  with  a  view  to  bringing  the  various 
libraries  and  their  representatives  into  closer -contact  with  one 
another,  to  facilitate  co-operation  and  diminish  that  feeling  of 
isolation  which  under  present  conditions  must  often  prnve-  dis- 
couraging. 

A    LIBBARY    JOTIHNAL. 

One  of  the  principal  objects  of  such  an  association  as  I 
have  mentioned  would,  I  apprehend,  be  the  establishment  and 
maintenance  of  something  in  the  nature  of  a  library  jouru:il; 
and,  while  opportunities  for  personal  conference  must  remain 
«xceptional,  much,  I  conceive,  might  be  effected  by  the  exist- 
ence of  such  a  vehicle  of  communication.  The  obstacles  to 
«uch  a  step  are  no  doubt  considerable.  That  of  ways  and  means 
is  nut,  perhaps,  the  most  serious.  Such  a  journal,  if  published, 
«ay,  at  quarterly  intervals,  at  a  moderate  price,  and  capably 
«dited,  would  probably  be  subscribed  for  by  almost  every 
library  in  the  country  deserving  of  the  name;  it  would  afford 
a  useful  channel  of  publicity  for  advertisements  of  a  certain 
type;  and  probably  the  committees  of  the  principal  libraries 
might  be  willing,  as  an  experiment,  to  contribute  a  modest  sub- 
flidy  towards  the  expenses  of  its  production.  The  difficulties 
of  management  and  editing  might  prove  more  formidable.  It 
would  have  to  be  issued  from  some  permanent  centre,  with  a 
local  secretary,  and  possibly  the  burden  of  editorial  supervision 
might  be  accepted  in  rotation — say  for  six  months  or  a  year — 
by  some  of  the  leading  librarians,  who  would  doubtless  take  a 
practical  interest  in  such  a  project.  Perhaps  in  the  present 
paper  it  may  not  be  wholly  futile  to  make  some  attempt  to 
indicate,  without  indulging  in  rhetoric  or  venturing  on  dogma, 
some  few  of  the  many  topics  for  the  discussion  of  which  such  a 
publication  might  ult'ord  an  appropriate  channel. 
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our  library  system. 

In  the  first  place,  with  regard  to  the  basis  of  the  whole 
structure,  it  may  be  suggested  that  our  present  system  of  sub- 
scription libraries,  though  it  has  produced  many  useful  results,. 
is  by  no  means  an  ideal  one.     It  should  be  regarded  rather  as 
a  wayside  shelter  than  as  a  permanent  abode.     Under  our  pre- 
sent methods  too  much  weight  is  almost  inevitably  given  to  the 
average  opinion,  and  taste  in  current  literature,  of  the  average 
subscriber;   too  large   a  proportion   of  the  available   funds  i* 
frequently  employed  in  the  purchase  of  books  of  at  best  ephe- 
meral interest  and  small  literary  merit;    too   little    care    and 
attention  is  devoted  to  the  acquisition  and  building  up  of  a 
comprehensive  library  of  reference.     Above  all,  so  long  as  thia 
system  prevails,  it  is  a  misnomer  to  describe  as  "  free,"  libraries, 
which  limit  their  circulation  to  those  able  and  willing  to  pay  for 
the  privilege  of  borrowing  books.     I  cannot  help  thinking  that 
the  question  is  well  worthy  of  the  consideration  of  municipal 
corporations;  whether  the  time  has  not  arrived  at  which  such 
bodies  might,  under  statutory  powers  which  in  some  cases  aU 
ready  exist,  and  in  all  cases  might  probably  be  obtained,  pro- 
perly apply  some  portion  of  their  revenue,  either  by  means  of  a 
special  rate  or  by  an  appropriation  from  their  general  funds, 
to  such  educational  purposes  as  the  subsidising,  on  a  substantial 
scale,  of  public  schools  and  public  libraries  within  their  boun- 
daries.      From  such  libraries  every  ratepayer — possibly  every 
resident    recommended   by   a    ratepayer — would      be      entitled, 
under  reasonable   restrictions,   to  borrow  books,   and   it  would 
still  be  feasible  to  augment  our  resources  by  means  of  subscrip- 
tions,   giving    the    subscribers    additional    facilities,    and   con- 
veniences  of    various    kinds,    such    as    they    enjoy    under    the 
present  system. 

COMMITTEES   AXD  LIBRARIANS. 

Such  municipal  support  would  imply  a  large  measure  of 

municipal  control,  and,  as  in  England,  the  libraries  might  be 

managed   by   committees   appointed   by   the   borough    councils, 

witli    a    wide    power   of    nomination    outside    their    own    body. 

Sufh    committees,    in    my   opinion,   for  effective    work,   should 

not  be  too  large.       Lord  Palmerston  used  to  say  that  the  best 

number  for  a  committee  was  three,  and  that  the  best  results 

were  attained  when  two  of  the  three  failed  to  attend.     I  will 

only  submit  that  while  the  task  of  managing  a  public  library 

affords  infinite  scope  for  criticism,  usually  most  blatant  when 

least  informed,  the  best  chance  of  success  consists  in  selecting 

for  such   work  those   most   competent   to   perform    it,   and    in 

'ving  them,  when  appointed,  a  tolerably  free  hand.       What 

tve  said  with  regard  to  committees  also  applies  to  a  great 

nt  to  librarians.      The  old  idea  that  such  a  position  should 
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be  regnrdeil  as  furuisliiug  a  saitable  pvoviaion  for  atime  amiablg. 
inilividiial  wifb  a  taste  for  Woks,  ami  a  pronouuced  iueapsciiy 
to  earn  bis  living  iu  any  other  calling,  may  perbapa  by  now 
be  regarded,  even  in  tbis  easy-going  country,  as  at  all  eTent& 
obsolescent,  Wbat  we  want  in  our  librarians  is  a  combination 
of  wide  literary  knowledge,  with  practical  training,  businesslike 
habits,  and  a  good  deal  of  wbat  has  been  described  as  flexi- 
bility of  adaptation.  "The  librarian  who  reads  is  lost,"  is 
an  often-quoted  saying,  which  I  fancy  may  be  ascribed  to  one 
of  the  moat  learned  academical  students  of  the  last  century,  Mr. 
Hark  Pattison.  It  may  be  pointed  out  that  the  aphorism 
is  ambiguous:  it  may  not  only  imply,  as  it  is  commonly  under- 
stood, that  SHcb  an  one  is  unfitted  by  his  temperament  for  his 
avocation;  it  may  also  mean  that  the  race  of  learned  librarians 
— such  persons  for  instance,  as  the  late  Mr.  Bradshaw-  is 
practically  extinct  and  has  been  superseded  by  another  type, 
I  do  not  suggest  tbat  a  librarian  should  be  a  sciolist,  or  that, 
as  Macaulay  declared  of  Brougham,  be  should  "  half  know 
everything,  from  the  cedar  to  the  hyssop";  but  it  is  perhaps 
desirable  that  he  should  neither,  on  the  one  band,  be  too  much 
of  a  specialist,  nnr,  on  the  other,  be  wholly  absorbed  in  the  ser- 
vice of  tables  and  matters  of  practical  detail,  such  as  typea 
of  indicators  or  inipriivenienls  in  the  changing  system.  "  I 
can't  get  my  Hbrariiin,"  the  chairman  of  an  important  institu- 
tion once  remarked,  "  tn  take  any  interest  in  'incunabula': 
bis  mind  is  engrossed  by  the  question  of  umbrella  stands."  We 
must  seek  to  strike  the  happy  mean;  all  that  can  be  suggested 
ia  that  we  must  not  demand  too  much,  that  librarians,  like 
other  folk,  must  be  qualified  lo  possess  "the  defects  of  their 
qualities,"  but  that  t!ie  successful  progress  of  a  library  depends 
BO  much  on  its  permanent  staff  that  no  effort  should  be  spared 
to  secure  the  services  of  thoroughly  competent  officials,  who 
slioald  be  provided,  having  regard  to  local  circumstances,  in 
view  of  the  position  they  occupy,  and  the  responsible  functions 
they  ai-e  expected  to  discharge,  with  reasonable  i-emuneration 
for  their  services.  At  the  same  time,  while  giving  due  recog- 
nitiou  to  the  maxim  that  the  labourer  is  worthy  of  his  hire, 
wp  have  to  be  constantly  on  our  guard  against  any  tendency 
tn  extravagance  in  our  establishment  charges,  as  well  as  in 
other  departments  of  expenditure.  Economy,  I  am  well  awaie. 
in  all  the  phases  of  public  and  private  life,  has  long  beeu 
sadly  out  of  fashion;  and  we  are  beginning  to  appreciate  some 
of  the  conseciuences  of  the  mania  for  borrowing,  and  the 
general  neglect,  during  the  latter  half  of  the  last  century,  by 
Governments,  by  public  bodies,  corporatiims,  and  institutions, 
as  well  as  by  private  individuals  of  Cicero's  excellent  maxim, 
"mogmini  veciigal  est  parcimnnia  " — (thrift  is  a  great  source 
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can  be  best  obtained  by  direct  oi-ders  to  some  ieailiug  book- 
wller  at  Home,  who  makes  a  speciality  of  such  work;  nii  the 
other  baud,  it  ia  scarcely  satisfactory,  except  to  a  very  limited 
extent,  to  leave  tbe  selection  of  books  to  the  a^nt  by  whom 
they  are  supplied.  We  should  always  bear  iu  mind  "that,  of 
tbe  aaniial  output  of  books  in  all  departments,  probably  not 
£>  per  cent,  will  live  for  five  years;  and  we  should  endeavour, 
not  to  charge  either  our  revenue  or  our  shelf  accommodation, 
with  a  heavier  burden  of  ephemeral  matter  than  we  tan  pos- 
sibly avoid.  Moreover,  by  no  means  all  books,  which  may 
be  worth  acquiring,  are  wortb  buying  at  the  high  prices  which 
it  is  still  the  fashion  of  the  English  trade  in  many  cases — 
and  particularly  in  the  ease  of  works  of  biography  and  travels 
— to  charge  on  first  publication.  Such  books  can  often  be 
secured,  by  exercising  a  little  patience,  at  a  relatively  low  cost. 
either  as  second-hand  copies,  or  as  remainders,  or  in  cheaper, 
Irnt  equally  serviceable^sometimes,  indeed,  improved  and 
-Tevised  editions.  Many  good  bargains  may  also  be  obtained 
from  the  dealers'  lists,  and.  though  their  perusal  takes  time,  it 
is  often  well  repaid,  and.  by  practice,  one  can  acquire  the  art 
of  getting  at  the  kernel  without  too  much  fumbling  with  the 
busk.  It  may  also  be  a  useful  habit  to  keep  a  rough  book  in 
hich  to  jot  down  notes  of  "desiderata"  and  "lacunae," 
and  occasionally  to  send  a  list  of  such  titles  to  some  intelligent 
dealer,  with  a  commission  to  supply  as  opportunity  muy  serve. 
A  useful  test  of  tbe  success  which  attends  our  efforts  in  this 
tlepartment  may  be  made  by  working  out,  from  lime  to  time. 
the  average  cost  of  onr  accessions,  as  compared  with  the  pub- 
lished price. 

THE    liEFEREJfC-E    LIBHART. 

Another  important  matter  is  to  determine  approximately 
hat  proportion  of  outlay  we  are  in  a  position  to  devote  to  our 
reference  lihrar.v,  which  of  our  acceasi<ms  we  should  include 
in  that  branch,  and  under  what  conditions,  if  at  all,  we  should 
allow  such  works  to  be  taken  out.  It  may  perhaps  \ye 
suggested  that  the  reference  library  should  itself  be  divided 
into  two  main  classes  or  categories,  one  of  which,  embracing 
works  of  reference  in  tbe  stricter  sense,  such  as  dictionaries 
and  encyclopaedias,  and  works  of  special  value  or  rurily,  should 
mever  be  allowed  to  leave  the  library  premises,  while  others 
luight  be  borrowed  for  limited  periods,  and  under  special 
jestrictious  and  safeguards.  I  should  like  also  to  suggest 
that,  among  works  of  reference,  much  attention  should  be 
directed  to  the  subject  of  bihIiogrBphies,  both  general  and 
flpecinl.  so  that  the  student  may  be  eniibled  lo  ascei-tain  not 
«nly  what  the  library  actually  possesses,  but  what  it  may  ba 
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expected  to  acquire,  and  what  are  the  chief  extant  works  di 
iiig  with  the  subject  of  his  research.  As  to  the  refere 
library  as  a  whole,  ii  may  perhaps  be  suggrested  that,  of 
funds  available  for  the  purchase  of  books,  we  ougrht  to  exp 
something  like  liO  per  cent,  on  this  department,  which  wo 
prol)ably  represent  something  like  20  per  cent,  of  the  volui 
purchased.  Thus,  if  we  spend  £500  a  year  on  acquiiing  2,< 
volumes,  out  of  this  sum  about  £150  would  be  devoted  to 
ac(juisiti(m  of  about  400  volumes  for  this  most  important  g 
tion.  I  may  perhaps  venture  to  add  a  general  hint  that 
the  choice  of  books  we  should  ever  bear  in  mind  the  charac 
of  our  library,  the  local  circumstances  and  conditions,  i 
remember  that  a  library,  to  be  worthy  of  the  name,  must  not 
regarded  as  a  mere  collect icm  or  aggregation  of  so  many  th 
sand  volumes,  but  as  a  living  and  growing  organism,  m 
proportioned  in  all  its  members,  and  with  a  healthy  devel 
mcnt  in  accordance  with  the  functions  they  are  expected  to  c 
charge.  To  assure  such  development,  we  should  striTe 
enlist  the  co-operation  of  specialists  in  the  various  branches 
our  work,  and,  above  all,  to  keep  cmr  minds,  so  to  speak,  stee] 
in  a  literary  atmosphere,  impregnated  with  all  the  phases 
thought,  and  always  on  the  alert  to  glean  information,  fr 
every  accessible  source,  which  may  aid  us  in  the  accompli 
mcnt  of  our  important  task.  A  good  deal  of  help  may  often 
ol)tnined  in  the  rourse  of  ccmversation  with  well-inforn 
people  on  current  topics,  or  from  casual  and  incidental  ref 
cures  in  books  or  reviews,  both  English  and  foreign.  I  n 
perhaps  venture  to  illustrate  what  I  mean  by  mentioning  th 
not  h»ng  ago,  from  the  perusal  of  a  novel  by  the  late  ] 
(iissing,  eaHed,  I  think,  *M)ur  Friend  the  Charlatan," 
pieked  up  a  hint  as  to  the  subject  and  title  of  a  French  worl 
IzouU»t\s  •*  Cite  Moderne  "—which  proved  a  valuable  access] 
ii)  n\\\  library  of  political  philosophy.  A  practice  which  I  hi 
myself  found  extremely  useful  is  always  to  keep  in  on 
p<M  ket  a  little  note-book,  in  which  to  jot  down  the  titles  a 
otiier  partieulars  of  works,  the  claim  of  which  to  be  incluc 
in  ;i  future  book  order  something  read  or  heard  may  sugg 
t(»  he  worthy  of  subsequent  consideration. 

THE  QIESTION   OF  BINDING. 

With  regard  to  the  question  of  binding,  I  have  men 
t<»  (»l)seive  that  this  also  is  a  subject  on  which  the  exchai 
«»1  experiemc*  may  prove  highly  advantageous,  and  to  the  d 
»  nN>ion  of  which  some  space  might  well  be  devoted  in  f 
lihiiiiy  journal.  1  had  an  interesting  conversation  on  t 
i|U('-tioi\  last  year  with  Sir  Edward  Thompson,  from  whom 
h'lnnt   that  a  ccmimittee  of  experts  had  recently  been  invea 
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gating  the  matter  at  the  British  Museum,  and  had  come  to  the 
conelusion  that  most  of  the  materials  used  by  the  trade — 
whether  described  as  calf,  russia,  or  morocco — ^were  so  much 
adulterated  by  the  use  of  various  dyes  and  pigments  that  their 
durability  was  gravely  impaired,  and  that  radical  changes  in 
method  were  regarded  as  essential.  I  may  also  point  out  that 
the  efficacy  of  binding  is  largely  affected  by  climatic  conditi(ms, 
and  that  materials  which  may  serve  their  purpose  well  enough 
in  an  English  climate,  or  in  that  of  our  coast  ports,  may  prove 
unsuitable  to  the  drier  atmosphere  of  Johannesburg  or  Kim- 
berley,  and  vice  versa.  At  all  events  until  more  informati(m 
on  this  subject  is  available,  my  impression  is  that  we  should 
avoid  the  expense  and  delay  entailed  by  re-binding  as  much 
as  possible.  Works  of  fiction  will  usually  8ui*vive,  for  the 
brief  life  which  is  their  portion,  in  their  original  boards,  in 
which  they  can  be  supplied  more  rapidly,  and,  wlien  necessary, 
a  larger  number  of  copies  obtained  than  if  time  and  money 
have  to  be  expended  on  binding.  Of  other  works,  the  circuhi- 
tion  is  seldom  so  extensive  that  the  covers  become  worn  out 
while  they  are  still  in  demand ;  and  by  providing  in  our  library 
a  small  workshop,  with  a  few  tools,  for  simple  repairs,  and  re- 
placing or  re-binding  individual  works  where  necessary,  a  sub- 
stantial saving  in  expenditure  can  probably  on  balance  be 
effected.  The  covers  supplied  by  the  publishers  are  often 
disgracefully  flimsy ;  so,  for  that  matter,  is  the  fastening  of  the 
sheets  and  the  quality  of  the  paper  itself.  All  of  these 
things  may  be  included  in  the  class  of  "  perishables  '* ;  fortu- 
nately in  many  cases  they  deserve  no  better  destiny ;  and  their 
transitory  life  may  afford  an  element  of  consolation  to  those 
who  regard  as  one  of  the  most  serious  dangers  and  perils  by 
which  our  libraries  are  beset,  the  difficulty  and  expense  -even 
if  we  utilise  all  the  improvements  of  modern  construction  and 
appliances — of  accommodating,  or  even  warehousing,  enormous 
modem  accumulation  of  printed  matter.  Here,  of  course, 
lliere  arises  the  thorny  question  of  the  elimination  of  the 
superfluous  and  the  obsolete,  as  to  which  I  will  only  say  that 
it  is  an  inviting  topic,  which  might  also  furnish  scope  for  an 
entire  address,  and  to  which  considerations  of  time  and  space 
on  the  present  occasion  preclude  more  than  a  bare  allusion. 

CLASSIFICATION. 

With  regard  to  the  classification  of  books,  the  question 
presents  itself  under  two  aspects— firstly,  that  of  classification 
for  cataloguing  and  bibliographical  purposes;  and,  secondly, 
that  of  arrangement  on  the  shelves.  As  to  the  former,  I  am 
inclined  to  think  that  the  classification  should  not  be  too 
minute.    At  Kimberley  we  arrange  our  books  in  sixteen  classes. 
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/.'.:'♦  ';:.  ^r  ;/<'.•!'';-''<-  I  li. '.**«-. f  ^i^voted  much  of  my 
.'.'  -.'  *.',:  *f.'.  ,'-  **'.t'f,  .''Pjr-  u,  ^^ompilin^  a  library  catalo^e 
iu.'\  ^*i.i,'/  .^  *!'.r^'j^h  th*.  pTt-^A,  and  for  ten  year*  more  to 
f/i;f.  r.y  j/M  p;jr;»?.^/*j»  ;«fi'i  htTHjiftinft  material*  for  another 
<''litiOi,,  »}i«'  '/#rf,pU'tiofi  of  whirh  I  fear  that,  with  impaired 
^'>#'»i(flif  aii'l   dirfiifji^li'-d  <'ii'-rtry.  T  mu*t  now  resign  to  other 
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hands.  The  work  is  one  which  involves  infinite  labour  and 
minute  examination  and  comparison  with  a  view  to  the  main- 
tenance of  uniformitj-  of  method  and  arrangement,  especially 
so  far  as  the  subject  index  is  concerned;  while  the  utmost  we 
can  hope  for  is  that  the  ultimate  percentage  of  substantial 
errors,  omissions,  and  inaccuracies,  may  not  prove  unduly  high. 
The  obvious  objection  to  a  printed  catalogue  is  that,  while  its 
production  implies  enormous  toil,  it  tends  to  become  obsolete, 
even  before  it  receives  its  **  imprimatur."  The  advantage  of 
possessing  such  an  epitome  of  the  contents  of  our  library  at 
a  given  date  is,  however,  unquestionable;  whether  it  is  quite 
worth  all  the  expense  and  effort  involved  to  some  measure 
depends  on  the  extent  to  which  the  library  is  used  by  persons 
residing  at  some  distance  from  the  building.  For  libraries 
where  the  readers,  with  few  exceptions,  live  in  the  immediate 
vicinity,  a  good  system  of  card  catalogues  (both  of  authors  and 
subjects)  will  serve  most  of  our  needs;  and  too  much  stress 
can  hardly  be  laid  upon  the  importance  of  all  books  being  care- 
fully catalogued,  classed,  and,  when  necessary,  analysed,  for 
this  and  analogous  purposes,  as  soon  as  they  are  received. 
Much  advantage  may  also  be  derived  from  the  preparation, 
from  time  to  time,  of  class  lists  and  special  bibliographies, 
and  from  the  occasional  collocation  and  exhibition  in  the 
library  of  such  sections  of  its  contents  as  relate  to  topics  of 
current  interest,  or  subjects  likely,  for  one  reason  or  another, 
to  prove  attractive  to  various  classes  of  readers  or  students. 

A  SOUTH  AFRICAN  CATALOGUE. 

There  is  one  further  suggestion,  in  connection  with  this 
subject,  which  perhaps  I  may  venture  to  make.  Has  not  the 
time  arrived  for  a  well-considered  effort  to  produce  as  nearly 
as  may  be,  an  exhaustive  catalogue  of  works  relating  to  South 
Africa?  An  attempt  in  this  direction  was  made  some  twenty 
years  ago,  by  the  late  Mr.  Fairbridge  and  Mr.  Noble — both 
names  of  which  the  memory  desei*ves  to  be  cherished  in  this 
country  by  every  lover  of  letters — in  connection  with  the 
Colonial  Exhibition  of  1885;  but  it  was  verj'  imperfect,  and,  in 
fact,  practically  confined  to  works  contained  either  in  the 
8outh  African  Library,  or  in  the  private  collection  of  Mr. 
Fairbridge.  Possibly,  by  way  of  a  beginning,  an  effort  might 
l>e  made  to  prepare  a  catalogue  of  all  works  published  during 
the  first  two  centuries,  namely,  from  Van  Riebeek's  settle- 
ment to  the  year  1852,  leaving  the  last  half -century  for  a  sub- 
sequent compilation.  A  list  might  be  prepared  and  typed, 
taking  that  of  Fairbridge  and  Noble  as  a  basis,  of  the  works 
contained  in  the  South  African  Library  and  other  collections 
at  Cape  Tcrwn.       This  might  be  circulated  among  the  larger 
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and  older  libraries  throaghoat  South  Africa,  and  inqoiried 
made  from  others,  and  also  from  certain  of  the  dealers,  as  to 
whether  they  possessed  any  bf>oks  falling  within  that  period, 
and  thus,  after  consulting*  all  accessible  sources,  something 
might  be  prorluced  which  would  form  a  valuable  contribution 
to  Colonial  biblic^raphy.  Such  a  catalogue  should,  I  appre- 
hend,  contain  information,  which  could  be  eiqpresaed  by  a  few 
symbols  and  occasional  footnotes,  indicating  where  the  books 
described  r-ould  be  seen,  and  every  care  should  be  taken  that 
the  descriptions  should,  as  far  as  possible,  be  uniform  in  their 
character  and  in  the  particulars  supplied.  I  would  ask  this 
Conference,  before  it  disperses,  to  discuss  the  advisability  of 
»ppf>inting  committees  to  consider  the  feasibility  of  the  two 
sp)ecific  suggestions  I  have  propounded,  namely:  ^1)  The  estab- 
lishment of  a  South  African  library  journal:  and  (2)  the  com- 
pilation of  a  catalogue  of  all  works  published  in,  or  relating 
to,  South  Africa,  and  issued  prior  to  some  definite  date. 

TUE    LIBRARY    3IO\'E3IEXT  !     ITS    .UMS    AND    OBJECTS. 

My  address  has  extended  beyond  the  limits  which  I  had 
contemplated,  and,  I   fear,  beyond  what  it  was  quite   fair  to 
iiiflif't  on  your  patience*.       I  can  only  plead,  as  Pascal  said,  in 
terminating  one  of  his  Provincial  Letters,  that,  had  I  had  more 
time,  I  nn'irlit  have  been  able  to  make  it  shorter.       Mav  I  sav, 
in  conclusion,  that,  although  the  library  movement,  like  other 
iiiovemcnts,  niaj-  be  made  the  subject  of  extravagant  eulogy. 
<»f  ill-rcgiilatfMl  enthusiasm,  and  of  a  zeal  not  always  in  accord- 
•.iiirc  with  knowledge,  these  are  not  the  dangers  and  the  risks 
to  wliich  in  this  count rv,  and  at  the  present  daj',  we  are  most 
liable  or  prone.       We  have  rather  to  contend  with  apathy  and 
indiflfereiice,  with  an   environment   too  much  absorbed   in   the 
struggle   for   material    well-being,    and    too   much    inclined   to 
put  off  to  a  more  convenient  season  the  pursuit  of  the  intellec- 
tual life.       We  may,  however,  feel  assured  that  any  time  and 
labour  we  may  devote  to  the  work  of  improving  our  libraries 
and  making  them  more  and  more  centres  of  enlightenment,  as 
well  as  means  of  culture  and  sources  of  mental  recreation,  will 
not  be  thrown   away.       With  regard  to  book-lore,  experience 
here,  as  elsewhere,  shows  that  the  supply  always  stimulates  the 
demand:  and  there  is  no  department  of  literature  or  science, 
however    technical    or    esoteric    -palaeology,    for    instance,    or 
palaeontology — in    which,    if    you    supply  the  "pabulum,"  and 
make  provision  for  the  needs  of  the  student,  the  student  will 
not  by  and  by  arrive.       This  is  a  country  in  which  there  is 
plenty  of  excellent  raw  material.       The  jouth  of  South  Africa 
have  already   in  many  instances  acquired  high   distinction   in 
some  of  the  learned  professions,  and  are  likely  in  the  future  in 
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increasing  numbers  to  take  advantage  of  the  opportunities  for 
training  now  afforded  in  the  applied  sciences — in  such 
branches,  for  instance,  as  civil,  mechanical,  and  mining  engin- 
eering. For  all  such  wants  and  faculties  and  aptitudes  our 
libraries  should  cater;  they  should  become  emporia  of  easily 
accessible  information ;  they  should  enable  every  man  and 
■every  woman,  in  their  hours  of  leisure,  to  continue  the  educa- 
tion of  which  they  acquired  the  rudiments  in  their  youth ;  they 
should  help  to  keep  us,  not  only  in  touch  with  all  the  intellec- 
tual activities  of  the  infant  century  in  which  we  live,  but 
also  in  spiritual  communion  with  the  great  masters  and 
thinkers  of  the  past;  and  even  amid  the  prosaic  environment 
and  work-a-day  surroundings  of  our  public  libraries  we  should 
endeavour  to  cultivate  something  of  the  atmosphere  of  that 
Temple  of  Peace  in  which  the  illustrious  statesman,  whose  life 
we  have  of  late  been  reading,  was  wont  to  seek  refreshment  and 
repose,  amid  all  his  cares  and  toils  and  responsibilities,  ever 
remembering,  as  he  did,  that,  while  the  things  which  are  seen 
are  temporal,  the  things  which  are  not  seen  are  eternal. 
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9  a.m. — ^Annual  General  Meeting. 

10.45  a.m. — Excursion  to  the  Dynamite  Factory,  Modder- 

fontein,    members    being    the    guests    of    the    South 

African  Explosives  Company. 

At  the  Sectional  meetings  the  following  papers  were  read : 

SECTION  A. 

April  5th :  — 

President's  Address — The  Metallurgy  of  the  Witwaters- 
rand,  by  J.  R.  Williams. 

The  Cyanide  Process  from  the  Standpoint  of  Modern 
Chemistry,  by  James  Moir,  D.Sc,  M.A.,  F.C.S. 

Reduction  Works  Checks,  with  special  reference  to  early 
Practice  on  the  Transvaal  Gold  Fields,  by  E.  H. 
Johnson. 

The  Evolution  in  the  Treatment  of  By-Products  on  the 
Witwatersrand  Gold  Fields,  by  M.  Torrents. 
April  6th :  — 

The  Genesis  of  Soils,  with  special  reference  to  the  Trans- 
vaal, by  A.  F.  Crosse. 

The  Chemical  Industry  of  the  Transvaal,  a  Forecast,  by 
W.  Cullen. 

The  Contact  Process  of  Sulphuric  Acid  Manufacture,  by 
E.  Weiskopf. 

Some  Economic  Problems  in  Metallurgy  on  the  Witwaters- 
rand, by  H.  S.  Denny. 
April  8th :  — 

The  Blizzard  of  June  9th-12th,  1902,  by  CM.  Stewart,  B.'Sc. 

Results  of  some  further  Observations  upon  the  Rate  of 
Evaporation,  by  J.  R.  Sutton,  M.A.,  F.R.Met.S. 

SECTION    B. 

April  5th :  — 

President's  Address — The  History  of  Stratigraphical  In- 
vestigation in  South  Africa,  by  Geo.  S.  Corstorphine. 

The  Geological  Features  of  the  Diamond  Pipes  of  the 
Pretoria  District,  bv  H.  Kynaston,  M.A.,  and  A.  L. 
Hall. 

Stone  Implements  from  the  farm  Elandsfontein,  No.  235, 
by  J.  P.  Johnson. 

The  Witwatersrand  Series — an  Explanation  of  their  De- 
position, by  A.  von  Dessauer. 

Some  Rare  Metals  found  in  the  Transvaal — with  special 
reference  to  Radium,  by  E.  P.  Rathbone. 

April  6th:  — 

Alien  Plants  Spontaneous  in  the  Transvaal,  by  J.  Burtt 

Davy. 
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Transvaal  Philosophical  Society. 

The  Society  of  Accountants  and  Auditors.  (Trans.  Branch). 

Institute  of  Land  Surveyors,  Transvaal. 

Transvaal  Medical  Society. 

The  Incorporated  Law  Society  of  the  Transvaal. 

Institute  of  Mine  Surveyors  (Transvaal). 

Transvaal  Association  of  Architects. 

Field  Naturalists'  Club. 
To  The  Management  of  the  Premier  Diamond  Mine,  coupled 

with  the  names  of  Messrs.  CuUinan  and  Tracey. 
To  The  Management  of  the  Robinson,  Robinson  Deep,  Fer- 

reira,  and  Ferreira  Deep  Q.M.  Companies. 
To  The  Management  of  the  S.A.  Explosives  Co.,  Modderfon- 

tein,  including  Mr.  W.  CuUen. 
To  The  various  Railway  Administrations  of  South  Africa  for 

railway  facilities  granted. 
To  The  Union-Castle  S.S.  Co.  for  travelling  facilities  granted. 
To  The  Public  Library. 

To  The  Press,  for  the  excellent  manner  in  which  they  have  re- 
ported this  Meeting. 
To  all  those  who  contributed  specimens    and    exhibits    to   the 

Museum. 
To  the  authors  of  papers  in  the  OflScial  Programme,  and  to  Mr. 

Frank  Flowers  for  providing  maps  and  plans. 
To  all  who  have  in  any  way  assisted  in  the  arrangements  for 

the  Meeting. 

Tlie  following  office-bearers  and  members  of  Council  for 
1004-1905  were  elected. 

President : 

THEODORE  REUNERT,  M.I.C.E.,  M.I.M.E. 
Vice-Presidents : 

JAME8    FLETCHER,    Durban. 

SIDNEY  J.  JENNINGS,  M.Amer.I.M.E.,  :M.I.M.E.,  Johannesburg. 

DR.  T.  MUIR,    C.M.G.,  LL.D.,  M.A.,  F.R.SS.,    L.  &  E.,  Cape  Town. 

GARDNP:R    F.  WILLIAMS,  Kiml)erley. 

Me  m  bei s  of  Co  itn  c il : 


Blfxmfontcin. 
JAMES  LYLE. 

Buhuc(iyo. 
FRANKLIN  WHITE. 

Cape  Town. 

PROF.  J.  C.  BEATTIE. 
PROF.  L.  CRAWFORD. 
PROF.  P.  D.   HAHN. 
DR.  R.  MARLOTH. 


Cape  Town. — (Contd.). 

ARTHUR  H.  REID.- 
W.  L.  SCLATER. 
ALBERT  WALSH. 

£agt  London. 
JOHN  WOOD. 

(irahamft    Town. 

DR.  A.  EDINGTON. 
DR.  S.  SCHONLAND. 


Annual  General  Meeting.  541 

section  d. 
April  5th  :  — 

Acting  President's  Address— The  Education  of  Exam- 
iners, by  E.  B.  Sargant,  M.A. 

The  Prehistoric  Monuments  of  Rhodesia,  by  F.  P. 
Mennell. 

Mature  Study  for  South  Africa,  by  W.  L.  Sclater.  M.A. 
April  6th:  — 

The  Handling  of  Young  Children,  by  P.  A.  Barnett,  M.A. 
Special  Assessments,  by  Stephen  Court. 
April  8th :  — 

Drawing  for  Young  Children,  by  E.  B.  Sargant. 

Inyanga  Fort,  by  R.  N.  Hall. 

A  Plea  for  Native  Education,  by  Basil  Williams. 

annual  GENERAL  MEETING. 

The  annual  general  meeting  of  the  Association  was  held 
on  Saturday,  9th  April,  at  10  a.m.,  in  the  rooms  of  the  Trans- 
vaal Technical  Institute,  Von  Brandis  Square,  Sir  Charles 
Metcalfe,  President,  in  the  chair. 

It  was  unanimously  decided  that  the  thanks  of  the 
Association  be  tendered:  — 

To  His  Excellency  Lord  Milner,  G.C.B.,  G.C.M.G. 

To  His  Excellency  Sir  Arthur  Lawley  and  Lady  Lawley. 

To  the  Mayor  and  Corporation  of  Johannesburg. 

To  Sir  George  and  Lady  Farrar. 

To  Mr.  and  Mrs.  T.  Reunert. 

To  the  Director  of  Education,  the  Technical  Institute,  and  the 

Educational  Advisor  to  the  Transvaal  and  Orange  River 

Colony,  for  accommodation  provided. 
To  The  Witwatersrand  Council    of    Education,    for    financial 

assistance. 
To  The  Stock  Exchange. 
To  The  Transvaal  Chamber  of  Mines. 
To  The  Chamber  of  Commerce 
To  The  Chamber  of  Trade. 
To  The  Commissioner  of  Police. 
To  The  Committees  of  the  Rand  Club,  The  New  Club,  und  The 

Athenaeum  Club,  Johannesburg,  and   The  Pretoria  Club 

and  The  New  Club,  Pretoria. 
To  the  following  Scientific  Societies :  — 

South  African  Association  of  Engineers. 

Chemical,  Metallurgical  and  Mining  Society  of  S.A. 

Mechanical  Engineers'  Association  of  the  Witwatersrand. 

Association  of  Mine  Managers  (Witwatersrand). 

Geological  Society  of  South  Africa. 
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the  26tli  February  last,  and  a  copy  has  been  sent  to  every 
member  whose  subscription  has  been  paid  up  to  the  30th  June, 
1903. 

5.  The  Report  is  published  by  the  Association,  and  copies 
may  be  had  on  application  to  either  of  the  Secretaries,  or  to 
Messrs.  J.  C.  Juta  and  Co.,  Booksellers,  Cape  Town.  The  pric« 
of  the  Association's  Report  has  been  fixed  at  One  Pound,  but 
members  of  the  Association  may  obtain  the  same  for  Ten 
Shillings,  on  application  to  either  of  the  Secretaries. 

A  list  of  the  Societies,  Public  Institutions,  etc.,  to  which  a 
copy  of  the  Report  has  been  presented  will  be  found  on  page  586. 

6.  The  Council  joined  other  scientific  bodies  in  South 
Africa  in  inviting  the  Triennial  International  Geological  Con- 
gress to  visit  South  Africa  in  the  year  1906.  The  invitation^ 
however,  has  not  been  accepted,  as  the  Congress  has  decided  to 
visit  Mexico. 

7.  In  response  to  requests  the  Council  has  added  Metal- 
lurgy to  the  list  of  subjects  in  Section  A,  and  Forestry  to 
Section  C. 

8.  Grants  in  Aid  of  Research  Work. — On  the  7th  August 
last  applications  were  invited  from  members  for  Grants  in  Aid 
of  Research  Work.  The  applications  were  to  be  received  by 
the  Secretary  not  later  than  31st  December,  1903,  and  to  be 
finally  dealt  with  by  the  Council  at  the  Second  Annual  Session. 

As  a  result  of  this  invitation  the  following  applications 
were  received  :  — 

By    Professor   H.    H.    W.    Pearson,    M.A.,   F.L.S.,    South 
African  College,  for  the  sum  of  Twenty-five  Pounds 
in  aid  of  research  on  Wclwitschia  mirabilis. 
By    Mr.    J.    Burtt    Davy,    F.L.S.,    F.R.G.S.,    Government 
Botanist,  Pretoria,  for  the  sum  of  Fiftv   Pounds    to 
aid  in  the  preparation    of    an    Annotated    Catalogue 
of  the  Flowering  Plants  and  Ferns  known  to  occur  in 
the  Transvaal. 
By  Mr.  R.  T.  A.  Innes,  F.R.A.S.,  Meteorological  Observa- 
tory,    Johannesburg,    for    the    sum    of     Twenty-five 
Pounds,  in  aid  of  the  work  of  preparing  Tables  of  the 
Barometic  Pressures  over  South  Africa    and    adjacent 
regions. 
A  committee,  consisting  of  Dr.  Harry  Bolus,  Dr.  R.  Mar- 
loth,  und  Dr.  S.  Schonland,  was  appointed  by  the  Council  to 
consider  and  report  on  the  applications  by  Professor  Pearson 
and  Mr.  Burtt-Davy;  and  ^Ir.  limes'  application  was  referred  to 
a  committee  consisting  of  Sir  David  Gill  and  Dr.  T.  Muir. 

At  a  meeting  of  the  Council,  held  during  the  Second 
Annual  Session,  the  payment  of  the  grants  in  terms  of  the  re- 
commendations of  the  Committees  was  unanimouslv  authorised. 
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9.  The  Council  received  invitatinua  from  Kimberley  and 
Durban  for  iLe  meeting  of  the  Association  in  190G.  These 
invitations  were  referred  for  consideration  by  the  Council  dur- 
ing the  Second  Annnitl  Session  at  JoUaunesburg,  and  at  a 
nipfliiig  held  lliere  nn  the  4tb  April  it  was  decided  to  accept 
ibe  Rimbcrley  invitation,  as  it  was  received  first. 

10.  At  the  request  of  the  Jobanncshnrg  Locitl  Committee, 
Sir  David  Gill  re-delivered  bis  Presidential  Address  in  the 
Johannesburg  Public  Library,  on  Thursday,  14th  May,  1903. 

11.  tJn  the  16th  November,  19011,  the  Johannesburg 
Committee  elected  a  permanent  Astronomical  Committee,  con- 
sisting of  Messrs.  Playford,  Eeunert,  and  Dumat,  and  it  is 
hoped  that  their  labours  may  result  in  (he  establishment  of  a 
small  llbservatory. 

12.  During  the  year  considerable  progress  was  made  with 
the  establishment  of  the  Meteorological  Station,  which  is  ex- 
pected to  be  in  full  working  order  by  the  end  of  May.  The 
Director,  Mr.  K.  T.  A.  Innes,  has  in  the  meantime  been  em- 
ployed collecting  data  and  establishing  recording  stations 
throughout  the  country.  The  benefits  resulting  from  the 
establiabment  of  this  most  important  department  should  soon 
be  felt. 

I't.  The  second  Annnnl  Session  of  the  Association  was 
held  in  Johannesburg. 

14.  The  Sectional  Committees,  with  their  Presidents  and 
Secretaries,  were  elected  at  a  meeting  of  the  Local  Committee 
on  14th  September,  190:1,  At  a  subsequent  meeting  it  was 
decided  to  huve  a  temporary  loan  collection  on  exhibition  dur- 
ing the  sesstiui. 

1-5.  Eeception,  Entertainment,  Business,  and  Press  Com- 
mittees were  elected  towards  the  end  of  the  year. 

16.  A  Reception  Committee  was  also  formed  in  Pretoria, 
and  was  responsible  for  all  the  arrangements  on  the  occasion  of 
the  Association's  visit  there. 

17.  Shortly  before  the  Session  it  was  reported  that  plague 
had  broken  out  in  Johannesburg,  iind  it  was  thought  that  tliis 
would  militate  against  the  success  of  the  meeting,  hut  this 
happily  did  not  prove  the  case. 

18.  fin  account  of  illness  Sir  Percy  Fitzpatrick  was  pre- 
vented from  taking  part  in  the  proceedings. 

19.  The  Session  opened  on  Monday,  April  4th.  and  con- 
tinued during  the  week,  closing  on  Saturday,  the  9th  April. 

20.  His  Excellency  the  High  Commissioner,  Lord  Milner. 
presided  at  llie  opening  meeting,  at  which  Sir  Charles  Metcalfe 
delivered  his  Presidenlinl  Address. 

21.  The  sectional  meetings  wei-e  held  on  the  premises  of 
the  Technical  Institute,  Von   Bramlis  Square,  and   the  Com- 
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mittee  and  Council  meetings  in  the   rooms   of   the    Education 
Department,  both  places  being  kindly  lent  for  the  occasion. 

22.  Under  the  auspices  of  the  Association  the  first  con- 
ference of  librarians  and  those  interested  in  the  libraries  of 
South  Africa  was  held  on  Tuesday,  the  5th  April.  Mr. 
Reunert  presided  over  the  conference,  and  Mr.  Bertram  L. 
Dyer  gave  particulars  regarding  all  the  South  African  libraries. 
Mr.  Justice  Laurence  was  unable  to  be  present,  but  his  in- 
augural address  was  read.  At  the  end  of  the  proceedings  it 
was  unanimously  agreed  to  ask  the  Council  of  the  Association 
to  arrange  a  special  sub-section  of  Section  D  at  all  future 
annual  meetings  to  deal  with  the  question  of  libraries. 

23.  The  attendance  at  the  various  sectional  meetings  was 
very  good,  evidencing  on  the  part  of  the  public  an  increased 
interest  in  the  work  of  the  Association. 

24.  The  proceedings  were  rendered  more  than  usually  in- 
teresting by  visits  to  the  mines,  Pretoria,  and  the  Dynamite 
Factory.  The  temporary  loan  collection  proved  of  great  in- 
terest, and  was  visited  by  a  large  number  of  the  general  public. 

25.  (3n  the  opening  day  of  the  Meeting  the  following 
cable  was  received  from  the  British  Association  :  — ^^  British 
Association  wish  meeting  success.  Hope  theirs  same  1905 " ; 
to  which  the  following  reply  was  sent: — **  South  African 
Association  of  Science  thank  you  for  your  kind  message,  and 
look  forward  with  confidence  and  best  wishes  to  your  meeting 
here  next  year.'' 

26.  In  view  of  the  visit  of  the  British  Association  to 
South  Africa  next  year  the  Third  Annual  Meeting  of  this 
Association  will  be  merged  in  that  of  the  British  Association. 
The  Meeting  will  open  at  Cape  Town  in  August. 

W.  Cl'LLEN, 

J.  D.  F.  Gilchrist, 

Hon.  Secretaries. 
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HEPORT  BY  TIIE  HON.  TREASURER  FOR  THE  YEAR  ENDED  30tH 

JUNE,    1904. 

Although  desired  by  the  Council,  it  has  not  been  practic- 
able to  prepare  a  single  financial  statement  dealing  with  the 
whole  of  the  funds  of  the  Association,  and  two  separate  state- 
ments are  therefore  again  submitted. 

The  membership  of  the  Association  has  largely  increased 
during  the  year,  but  on  the  other  hand  a  considerable  number 
of  original  or  foundation  members  have  failed  to  pay  tlie 
whole  or  part  of  their  subscriptions  due,  and  it  will  be  neces- 
sary to  remove  some  60  names  from  the  list. 

The  Hon.  Treasurer  regrets  to  have  again  to  draw  atten- 
tion to  the  fact  that  members  fail — in  spite  of  repeated 
reminders — to  fulfil  their  obligations  in  respect  to  payment  of 
subscriptions,  and  there  is  at  the  present  moment — independent 
of  those  alluded  to  above — a  sum  of  nearly  £500  outstanding. 
In  this  total  are  included  the  subscriptions  for  the  current  year, 
which  became  due  on  the  1st  July  last. 

This  neglect  on  the  part  of  so  many  members  of  the 
Association  interferes  with  its  usefulness  to  a  serious  degree, 
inasmuch  as  the  amount  available  for  grants  in  aid  of  original 
research  have  to  be  limited  in  accordance  with  funds  in  hand. 

It  had  the  further  effect  of  preventing  the  Council  from 
investing  in  the  names  of  trustees  the  life  subscriptions  and 
entrance  fees  in  compliance  with  sub-section  C.  of  Section  11 
of  the  Constitution. 

W.  Westhofen, 

Hon.  Treasurer, 
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1(11  it  shall  be  entrusted  to  tbe  Local  Couimittte,  in  coojuuc- 
tioa  with  the  Council. 

VI. — COUNCIL. 

(a)  The  UaQagemeut  of  the  afiairs  of  the  Association  shiiU 
be  cutrusted  to  a  Council. 

(i)  The  Council  ehall,  in  the  first  instance,  be  elected  by 
the  General  Committee,  and  shall  consist  of  Twenty-five  Mem- 
bers. Thereafter  it  shall  cuusiet  of  the  President  and  four 
Vice-Presidents  of  the  Association,  Past  Presidents  of  the 
Association,  Past  and  Present  General  Secretaries  and  Trea- 
BUi-ers,  representatives  to  be  elected  by  each  Centre  in  the  pro- 
portion of  one  representative  for  every  25  Members,  and  such 
others  to  be  elected  by  the  Members  at  the  Annual  Meeting  of 
the  Association,  as  shall  give  altogether  one  Member  of  Coun- 
cil to  every  25  Members  of  the  Association. 

((■)  The  Council  so  elected  shall  at  once  proceed  to  elect 
the  President,  Vice-Presidents,  two  Secretaries,  Treasurer,  and 
an  Assistant  Genera!  Secretary.  The  Council  shall  have  the 
power  to  pay  for  the  services  of  the  Assistant  General  Secre- 
tary, and  for  other  such  clerical  assistance  as  it  may  consider 
necessary. 

(it)  During  any  Session  of  the  Association  the  Council 
shall  meet,  at  least,  twice. 

(r)  The  Council  shall  have  the  power  fn  frame  Bye-laws  to 
facilitate  the  practical  working  of  the  Association,  so  long  as 
these  Bye-laws  are  not  at  variance  with  the  Constitution. 

VII. — MAS,\(iIN'G    COMMITTEE  OF   COfNCIL. 

In  the  intervals  between  the  Sessions  of  the  Association. 
its  general  affairs  shall  be  managed  by  a  Committee  of  Coun- 
cil, consisting  of  President,  General  Trcasiirer.  General  Secre- 
taries, and  four  other  Members,  elected  annually  by  the 
Council. 

Vlir.^ — LOCAL    rOMMITTEES. 

In  the  intervals  between  the  Sessions  of  the  Association, 
its  local  aifairs  shall  be  managed  by  the  Local  Committees. 
This  Committee  shall  consist  of  the  Members  of  the  Council 
resident  in  that  Centre,  with  such  other  Members  of  the 
Association  as  the  said  Members  of  Council  may  elect. 

IX, HECKPTIOX    COMMITTEE. 

The  Local  Committee  of  the  Centre  at  which  the  Session 
is  to  be  held  shall  form  a  Reception  Committee,  to  assist  in 
mnking  arrangements  for  the  meeting,  and  for  the  reception 
and  entertainment  of  the  visitors.  This  Committee  shall  have 
power  to  add  to  its  number  from  among  the  Members  and 
Associates  of  the  Association.* 

•  For  ai nincemPTitJi  witli  remind  to  Pniwi«  lo  if  roiil,  •*<•  Section  XIV. 


^.^  ^jssmxzi — IUi!4r 
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xiii. — sections  of  the  association. 

The  Council  shall  have  the  power  to  constitute  such  sec- 
tions of  the  Association  as  it  may  consider  necessary,  the  fol- 
lowing being  constituted  at  the  outset :  — 

A.  Astronomy. 
Chemistry. 
Mathematics. 
Meteorology. 
Physics. 

B.  Anthropology  and  Ethnology. 
Bacteriology. 

Botany. 

Geography. 

Geology  and  Mineralogy. 

Zoology. 

C.  Agriculture. 
Architecture. 
Engineering. 
Geodesy  and  Surveying. 
Sanitary  Science. 

D.  Archaeology. 
Education. 
Mental  Science. 
Philology. 
Political  Economy. 
Sociology. 
Statistics. 

XIV. — SECTIONAL    COMMITTEES. 

(a)  The  Presidents,  Vice-Presidents,  and  Secretaries  of  the 
several  sections  shall  be  chosen  by  the  Council,  after  consulta- 
tion with  the  Local  Copmittee  of  the  Centre  at  which  the  next 
ensuing  Session  of  the  Association  is  to  be  held. 

(6)  From  the  time  of  their  election,  which  shall  take  place 
B8  soon  as  possible  after  the  Session  of  the  Association,  they 
shall  form  themselves  into  an  organising  Committee  for  the 
purpose  of  obtaining  information  upon  Papers  likely  to  be  sub- 
mitted to  the  Sections,  and  for  the  general  furtherance  of  the 
work  of  the  Sectional  Committees.  The  Sectional  Presidents  of 
iormer  years  shall  be  e,r  officio  members  of  the  Organising  Com- 
mittee. 

(c)  The  Sectional  Committee  shall  have  power  to  add  to 
its  number  from  among  the  Members  and  Associates  of  the 
Association. 

(i)  The  Committees  of  the  several  Sections  shall  determine 
the  acceptance  of  Papers  before  the  beginning  of  the  Session, 
keeping  the  Gteneral  Secretaries  informed  from  time  to  time  of 
their  work.  It  is  therefore  desirable,  in  order  to  give  an  oppor- 
tunity to  the  Committees  of  doing  justice  to  the  several  com- 
munications, that  each  author  should  prepare  an  abstract  of  his 

MM 
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Paper  of  a  length  suitable  for  insertion  in  the  published  Trans- 
actions of  the  Association,  and  he  should  send  it.  together  with 
the  original  Paper,  to  the  Secretary  of  the  Section  before  which 
it  is  to  be  read,  so  that  it  may  reach  him,  at  least,  a  fortnight 
before  the  Session. 

(e)  Members  may  communicate  to  the  Sections  the  Papers 
of  non-members. 

(f)  The  Author  of  any  Paper  is  at  liberty  to  reserve  his 
right  of  property  therein. 

(fj)  The  Sectional  Committees  shall  meet  not  later  than 
the  first  (lay  of  the  Session  in  the  Rooms  of  their  respective 
Sections,  and  prepare  the  programme  for  their  Sections  and 
forward  the  same  to  the  General  Secretaries  for  publication. 

(h)  The  Council  cannot  guarantee  the  insertion  of  any 
Report,  Paper,  or  Abstract  in  the  the  Annual  Tolume  unless  it 
be  handed  to  the  Secretary  before  the  conclusion  of  the  Session. 

(i)  The  Sectional  Committees  shall  reoort  to  the  Council 
what  Reports,  Papers,  or  Abstracts  it  is  thouirht  advisable  to 
print,  but  the  final  decision  shall  rest  with  the  Council. 

XV. — RESEARCH  COMMITTEES. 

(a)  In  recommending  the  appointment  of  Research  Com- 
mittees, all  Members  of  such  Committees  shall  be  named,  and 
one  of  them,  who  has  notified  his  willingness  to  accept  the  office. 
shall  be  appointed  to  act  as  Secretary.  The  number  of  Members 
appointed  to  serve  on  a  Research  Committee  shall  be  as  small  as 
ip  consistent  with  its  efficient  working.  Individuals  may  be 
recommended  to  make  reports. 

(h)  All  recommendations  adopted  by  Sectional  Committees 
shall  be  forwarded  without  delay  to  the  Council  for  considera- 
tion and  decision. 

XVI. — ALTERATION   OF   RULES. 

Any  proposed  alteration  of  the  Rules 

(a)  Shall  be  intimated  to  the  Council  Six  Months  before 

the  next  Session  of  the  Association, 

(b)  Shall  be  duly  considered  by  the  Council, 

(c)  And,  if  approved,  shall  be  communicated  by  Cir- 

cular to  the  Members  of  Association  for  their  con- 
sideration, 

(d)  And  dealt  with  at  the  said  Session  of  the  Associa- 
tion. 

XVTt. — VOTING. 

In  Voting  for  Members  of  Council,  or  on  questions  con- 
nected with  Alteration  to  Rules,  absent  Members  may  record 
B  in  writing. 


.  •• 


LIST  OF  MEMBERS   OF  THE   SOUTH   AFRICAN  ASSOCIATION   FOR  THE 
ADVANCEMENT  OF  SCIENCE,  AT  JUNE  30tH,  1904. 


Indicates  Life  Members. 

Indicates   Foundation  Members,  i.e,,  those  who  were  members  of  the 
Association  on  June  30th,  1902. 


Members  are  requested  to  notify  the  Secretary  of  any  corrections  that  may  he 

needed  in  the  list. 


oaAbabielton,  Robert,  F.R.C.I.,  F.R.E.S.,  P.O.  Box  322,  Pieter^ 

maritzburg,  Natal. 
•Aburrow,  C,  P.O.  Box  534,  Johannesburg. 
Acheson,  Gras.  H.,  1,  Highfield  Terrace,  Doornfontein,  Johan- 
nesburg. 
^•Ackermann,  A.  W.,  Assoc.M.Inst.C.E.,  M.S.I.,  M.C.M.E.,  P.O. 

Box  426,  Cape  Town. 
•Ackermann,  Mrs.  A.  W.,  c/o  A.  W.  Ackermann,  Esq.,  P.O. 

Box  42G,  Cape  Town. 
•Ackermann,  Miss  Kate,  c/o  A.    W.    Ackermann,    Esq.,    P.O. 

Box  426,  Cape  Town. 
Adams,  A.  E.,  Beresford  Buildings,  Johannesburg. 
Adams,  John  Franklin,  F.R.A.8.,  Mervel   Hill,   Qadalming, 

England. 
•Adamson,  William,  P.O.  Box  426,  Cape  Town. 
Addison,  William  Henry,  c/o  Messrs.  Mosenthal  &  Co.,  Kim- 

berley,  Cape  Colony. 
Agutter,  Thomas  Charles,  Architect  and  C.E.,  R.  Naval  Yard, 

Simon's  Town,  Cape  Colony. 
Aiken,  A.,  P.O.  Box  2636,  Johannesburg. 
Ainslee,  George,  Kiaova,  Sunny  Brae  Estate,  near  Cape  Town. 

Cape  Town. 
Ainsworth,  Herbert,  P.O.  Box  1553,  Johannesburg. 
Albrecht,  John  August,  Assoc. M.I. Mech.E.,    P.O.    Box    1361, 

Cape  Town. 
Alston,  R.,  New  Rietfontein  Estates,  Ltd.,  Knights. 
Amphlett,  George  Thomas,  Standard  Bank  of  South  Africa, 

Ltd.,  Cape  Town. 
Anderson,  Alfred  Jasper,  M.A.,  M.B.  Oxon.,  D.P.H.  Camb., 

M.R.C.S.  Lond.,  4,  Church  Square,  Cape  Town. 
Anderson,  W.  T.,  P.O.  Box  184,  Qermiston,  Transvaal. 
•Andrews,  G.  S.  Burt,   Assoc.M.Inst.C.E.,    M.S.A.,    P.O.    Box 

1049,  Johannesburg. 
Armstrong,  A.  C,  c/o  Milliken  Bros.,  Engineers,  P.O.  Box  388^ 

Cape  Town. 
Armstrong,  W.,  c/o  Armstrong  &  Co.,  Port  Elizabeth,  Cape 

Colony. 
Arnold,  l^r.  F.  A.,  P.O.  Box  356,  Pretoria,  Transvaal. 
Arnott,  William,  Gas  Works,  Port  Elizabeth,  Cape  Colony. 
Amot,  W.  M.,  P.O.  Box  1129,  Johannesburg. 
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AApinall,  A.  R.,  P.O.  Bod  -KK,  Johannesburg. 
Atkin.v>n,  H.  W.,  P.O.  Box  846,  Pretoria. 
*Attrirl|<^,  Ernest  William,  t.E.,  F.I.San.E.,  Moimt  Pleasant, 
Simon's  Town,  Cape  Colony. 
Aaret,  A.  A.,  P.O.  Box  838,  Johannesbur^. 
Anstin,  Ifenrj-  B.,  Government  Deeds  Office,  Bloemfontein. 
A>Tes,  Gilbert  F.,  Woodward,  Rondeboseh,  near  Cape  Town. 

Babbs,  Arthur  Thomas,  Member  Quantity  Surreyors'  Associa- 
tion, England,  Rhodes  Buildings,  Cape  Town. 

Badr-fK-k,    F.    D.,   Assoc.M.Inst.C.E.,    M.A.,   Town    Engineer, 
Pretoria. 

Bailey,  Dr.  W.  F.,  Falmouth  Villa,  Main  Road,  Sea  Point, 
near  Cape  Town. 

Baily,  H.  A.,  VA).  Box  1281,  Johannesburg. 

Bain,  C.  A.  S.,  P.O.  Box  184,  Johannesburg. 
*Baker,  Herbert,  F.R.I.B.A.,  Standard  Bank  Buildings,  Johan- 
nesburg. 

Ball,  Thos.  J.,  P.O.  Box  2536,  Johannesburg. 

Balmforth,  Rev.  Rams<len,  Daisy  Bank,  Fpper  Camp  Street, 
Cape  Town. 
'^Banham,   Charles   Proctor,   M.Inst.E.E.,   M.I.Mech.E.,   Table 
Bay  Harbour  Works,  Cape  Town. 

Banks.    John,    Rietfontein    "A''    G.M.    Co.,    P.O.    Box    590, 
Johannesburg. 
*Barker,  J.  R.  K.,  P.O.  Box  3321,  Johannesburg. 
*Bame«,  J.  F.  E.,  C.M.G.,  Public  Works  Department,  Maritz- 
burg,  Xatal. 

Barnf'ston,  A.,  P.O.  Box  6100,  Johannesburg. 

Baxter,  William,  M.A.,  South  African  College  School.  Cape 
Town. 
*Beattie,  Professor  J.  C,  D.Sr.,  F.R.S.E.,  South  African  Col- 
lege, Cape  Town. 

Berk,  Dr.  J.  IF.  Meiring,  The  Drostdy,  Tulbagh,  Cape  Colony. 
*Befkf*r,  Hermann  Franz,  M.D.,  F.L.S.,  F.S.A.,  Die  Duveneok, 
Graham's  Town,  Cape  Colony. 

Berkott,  G.  Wm.,  P.O.  Box  424,*^  Pretoria. 

Bef'kmann,  A.  Erkart,  P.O.  Box  417,  Johannesburg. 

Beddy,   William    Henry,   Kimberley    Club,    Kiraberley,   Cape 
Colony. 
*Behr,  H.'  C.,  Consd.   Gohlfields  of  S.  Africa,  Ltd.,  P.O.  Box 

1107,  Johannesburg. 
*Bei8ly,  P.  S.,  P.O.  Box  50,  Germiston,  Transvaal. 

Bell,  H.  T.  M.,  B.A.,  P.O.  Box  4832,  Johannesburg. 

Bell,  W.  Reid,  M.Inst.C.E.,  F.R.Met.Soc,  M.I.E.S.,  P.O.  Box 
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Cape  Colony,  His  Excellency  The  Uon.  Sir  Walter  Hely- 
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Transvaal.  His  Excellencv  The  Hon.  Sir  Arthur  Lawlev, 
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Umtata. 

Wellington. 

Worcester. 
Transvaal :  — 

Johannesburg. 

Pretoria. 

Potchefstroom. 
Orange  Piver  C'olony  :  — 

Bloemfontein. 
Xatal:  — 

Durban. 

Pietermaritzburg. 
Rhodesia :  — 

Bulawayo. 
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SOUTH   AFllICAN    PHESS. 
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Australia  :  — 

Austnilian     Association     for     the     Advancement     of 
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Koval  Society  of  South  Australia. 
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Boval  Society  of  Queensland. 
Melbourne  : 

Koyal  Society  of  Vict(u-ia. 
Sydney  : 

Boyal  So(*iety  of  Xew  South  Wales. 
Austria  : — - 
Vienna  : 

Kaiserliclie  Akademie  der  Wissenschaften. 
Belgium  :  -  - 
Brussels  : 

Academic  B ovale  des  Sciences. 
Canada  :  — 
( )ttawa  : 

Boyal  Society  of  Canada. 
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Toronto  : 

Canadian  Institute. 
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Denmark :  — 

Copenhagen : 

Kongelige  Danske  Videnskabernes  Selskab. 
England :  — 

Cambridge : 

Philosophical  Society. 
Kew : 

National  Physical  Institute. 
London : 

British  Association  for  the  Advancement  of  Soiree. 

British  Museum  (Natural  History). 

Geological  Society. 

Imperial  Institute. 

Linnean  Society, 

Mathematical  Society. 

Physical  Society. 

Royal  Colonial  Institute. 

Royal  Geographical  Society. 

Royal  Meteorological  Society. 

Royal  Society. 

Society  of  Arts. 

Zoological  Society. 
Manchester : 

Literary  and  Philosophical  Society  of  Manchester. 
Oxford : 

Bodleian  Library. 
Finland  :  — 

Ilelingfors : 

Societe  des  Sciences. 
France :  — 

Cherbourg : 

Societe  des  Sciences  Naturelles. 
Paris : 

Academic  des  Sciences  de  Tlnstitut. 

Association  Francaise  pour  TAvancement  des  Sciences. 

Bureau  International  des  Poids  et  Mesures. 
Germany :  — 
Berlin  : 

Konigliche  Preussische  Akademie  der  Wissenschaften. 

Yerein  der  Naturforscher  und  Aerzte. 
Charlottenburg : 

Physikalisch-Technische  Reichsanstalt. 
Gottingen. 

Konigliche  Gesellschaft  dor  Wissenschaften. 
Munich  : 

Konigliclie  Bayerisclie  Akademie  der  Wissenschaften. 
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